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ABSTRACT 
 
 
Analysis of Single Nucleotide Polymorphism Panels 
for Bovine DNA Identification 
 
 
by 
 
 
Kimberly Blanchard, Master of Science 
 
Utah State University, 2013 
 
 
Major Professor: Dr. Lee F. Rickords 
Department: Animal, Dairy, and Veterinary Sciences 
 
 
 Single nucleotide polymorphisms (SNPs) are single base-pair variations 
that exist between individuals.  There are approximately a million or more SNPs 
located throughout the genome of each individual animal.  Therefore, by taking 
advantage of these unique polymorphisms, SNPs can be used to resolve 
questions of unknown parentage in the livestock industry.  Currently a panel of 
88 SNPs, obtained from a panel of 121 SNPs originally created by USDA-MARC, 
is commercially available from Fluidigm®.  The objective of this study was to 
determine whether the number of SNPs from the 88-SNP marker panel could be 
reduced to form a smaller, more cost-efficient parentage-testing SNP panel.  A 
smaller panel would benefit farmers and researchers alike in reducing the time 
spent in running and analyzing the test, as well as reducing the overall cost for 
the procedure.  Genotype data from over 3000 cattle samples containing 
offspring and potential parents were examined using two parentage calling 
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software packages.  Parentage assessment was analyzed using nine SNP 
panels of varying size.  It was determined that a panel of 71 SNPs, chosen from 
the original 88 SNPs, was the minimum number required to maintain statistical 
accuracy and reliability. 
(123 pages) 
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PUBLIC ABSTRACT 
 
 
Kimberly Blanchard 
 
 Single nucleotide polymorphisms (SNPs) have great power in resolving 
questions of unknown parentage on ranches or dairies where errors could have 
been made in pedigree record keeping or when such records were simply not 
kept.  Currently a panel of 88 SNPs based on a panel originally created by 
USDA-MARC is commercially available from the company Fluidigm®.  Our 
objective was to determine whether or not the number of SNPs could be reduced 
to form a smaller, more cost-efficient parentage-testing panel.  A smaller panel 
would be beneficial to farmers and researchers alike in the reduction of time 
spent running and preparing chips for the Fluidigm® machine, as well as a 
reduction in cost for the procedure.  Genotype data for over 3000 cattle samples 
from offspring and potential parents were run through parentage calling software 
against nine SNP panels of varying size.  It was determined that the minimum 
number of SNPs chosen from the existing pool of 88, that will make bovine 
parentage calls without a loss of accuracy or reliability compared to the original 
panel, is 71 SNPs. 
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CHAPTER I 
 
REVIEW OF LITERATURE 
 
 
Introduction / History 
 
 
It was Karl Landsteiner who, in the early 1900s, discovered the ABO blood 
typing system and suggested that these blood groupings were genetic (and, 
therefore, potentially useful in paternity cases) (Owen 2000).  Todd and White 
performed haemolytic studies in oxen and concluded that red blood cells of 
individuals are unique, even within a species.  They also noted that red blood 
cells of closely related animals show similarities, which again implied that they 
are somehow involved with heredity (Todd and White 1910).  From these early 
discoveries, a host of erythrocyte antigens were identified in humans (Adams 
2008) and animals (including cattle (Rendel and Gahne 1961), horses (Bowling 
1985), and pigs (Rasmusen 1981)).  These antigens were used to serologically 
test individuals to create blood type profiles.  The resulting profiles of offspring 
were then compared to putative parents and exclusions could be made.  
Eventually protein polymorphism tests involving polyacrylamide gel 
electrophoresis to detect differences at specific loci were added to the arsenal 
used to determine paternity (Wenk 2004). 
Identification and parentage testing methods have significantly advanced 
since the days of blood typing and serological testing.  Greatly aiding this 
progress was the discovery of the structure of DNA (Franklin and Gosling 1953; 
Watson and Crick 1953) and its role in heredity (Avery et al. 1944).  This  
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knowledge allowed testing techniques to become more streamlined, accurate, 
and cost effective, as discussed in later sections of this thesis.   The use of DNA 
in genotyping meant samples other than large amounts of blood – from any 
tissue type and in almost any condition – could be used (Kashi et al. 1990; 
Georges et al. 1991). 
 
DNA Extraction and Storage 
 
 
 DNA is present inside virtually every cell in a mammalian body, so 
technically any DNA sample source can be used for SNP analysis.  Cells from 
blood, semen, ear punches, nasal swabs, and the bulb and associated cells of 
hair follicles are typically utilized in DNA genotyping of cattle because they are 
easy to obtain and relatively non-invasive for the animal.  The basic steps for 
isolation of DNA from a mammalian cell are commonly conserved across 
platforms and protocols: first, lysis of the cell membrane to release the cell 
contents including DNA; second, degradation and/or precipitation of the proteins 
and cellular debris; third, washing and concentration of DNA to obtain a pure 
product. 
 
Traditional Methods 
 
 
Salt   
 
Early papers on the subject of DNA extraction discussed the use of salt 
(sodium chloride, NaCl) solutions of varying concentrations to first extract the 
DNA from tissues as deoxyribonucleohistones, which are DNA/protein 
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complexes found in the nuclei of cells.  The strong saline solution (1 Molar (M)) 
caused the nuclei to swell and burst, allowing the chromatin to go into solution 
(Mirsky and Pollister 1942).  The nucleic acid could then be separated from the 
protein by addition of a chloroform solution; chloroform and protein form a loose 
molecular combination (or “gel”) which can be separated from the nucleic acid 
(which stays in the aqueous layer) by centrifugation.  Finally, the DNA was 
isolated from the aqueous layer by treating it with alcohol, which caused the DNA 
to precipitate out of solution (Sevag et al. 1938).  Nucleic acid precipitation in 
alcohol occurs because the sodium ions (from the added salt solution) are more 
easily able to interact with the phosphate ions (on the DNA backbone) than in 
water.  The positively charged sodium ions act as a shield to the phosphates’ 
negative charges so they no longer interact with the positive water molecules, 
causing the DNA molecules to aggregate together and fall out of solution 
(Oswald 2007). 
 
Phenol/Chloroform 
 
Perhaps the most common (called “the standard” by Thomas et al. (1989)) 
DNA isolation technique is with the use of phenol.  In 1957, Kirby wrote about 
how important salt plus phenol was in liberating the DNA from various tissues 
including liver, testis, kidney, spleen, hepatoma, and thymus from rats and 
calves.  He said that the salt separated the DNA from the tissues and the phenol 
was critical for dissolving the protein completely (Kirby 1957).  Others further 
expounded on the phenol/chloroform method by adding detergents like sodium 
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dodecyl sulfate (SDS) (Kay et al. 1952), which aids in protein denaturation and 
cell lysis, and enzymes like proteinase K (Gross-Bellard et al. 1973), which 
digests cell surface proteins, to the procedures in the lysis step in order to ensure 
a protein-free nucleic acid extraction.  In these later protocols, the 
phenol/chloroform was still used to remove the intracellular proteins as well as 
the added proteinase K from the solution. 
While phenol/chloroform extractions are extensively used because of their 
inexpensive cost and high yields, there are drawbacks, including time, 
mechanical shearing of the DNA, and some loss of DNA sample in the organic 
phase (where the degraded proteins, cellular debris, and organic compounds 
accumulate) (Kupiec et al. 1987).  Also, phenol and chloroform pose caustic and 
toxic health hazards to scientists using them, including burns, hepatoxicity, and 
carcinogenicity (Thomas et al. 1989).   For these reasons, many protocols have 
been developed using other chemicals that are less toxic or harsh to the scientist 
or the sample.  Guanidinium thiocyanate or hydrochloride (Boom et al. 1990; 
Bowtell 1987), formamide (Kupiec et al. 1987), and sodium deoxycholate (Miller 
et al. 1988) have all been used as replacements for the use of organic solvents in 
DNA extraction. 
 
Collection of Precipitated DNA 
 
To collect the DNA after cell lysis and deproteinization, a few options are 
available.  One, saving expense and time, is spooling.  Alloway, in 1933, was the 
first to describe the precipitation of biologically active, high-molecular-weight 
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DNA by adding alcohol to the aqueous lysate solution and then stirring the “thick, 
stringy precipitate” around a spatula to collect it.  The DNA is then resuspended 
in a small volume of sodium chloride solution, thus concentrating it for further use 
(Alloway 1933; Sambrook and Russell 2001a). 
Another technique involves centrifugation of the precipitate, discarding of 
the supernatant, and resuspension of the DNA in a smaller volume of water or 
Tris(hydroxymethyl)aminomethane-ethylenediaminetetraacetic acid (Tris-EDTA, 
or TE) buffer. 
Other protocols use mechanical means such as silica or diatom molecules 
(Boom et al. 1990), glass filters (Chen and Thomas 1980), or magnetic beads 
(which are often silica coated) (Rudi et al. 1997) to bind the DNA while proteins 
and other cellular impurities are washed away.  DNA binding to these substrates 
occurs by adsorption in high concentrations of a chaotropic agent such as 
perchlorate or guanidinium.  The chaotrope acts to denature the DNA molecule 
slightly by disrupting the hydration shell surrounding it and sequestering the 
water molecules in the solution, thus allowing positive salt (e.g. sodium) ions 
from the chaotrope to form a salt bridge between the negatively charged nucleic 
acid and the negatively charged silica particles (Melzak et al. 1996).  The DNA is 
then washed first with a high salt buffer followed by ethanol to remove any 
impurities and cellular debris.  Elution of the DNA off the substrate is 
accomplished using a low salt buffer or pure water that reverses the action of the 
chaotrope, providing an optimum working concentration of nucleic acid for 
downstream applications. 
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Commercially Available Kits 
 
Many companies have created extraction kits for quicker processing times 
of large numbers of samples.  While the yields from these kits might not be as 
high as from a traditional phenol/chloroform extraction (e.g. expected kit yields 
for 25 mg of mouse tail tissue range from 10-187.5 μg genomic DNA, while 
phenol chloroform extraction of the same yields 125-312.5 μg), the safety, ease 
of use, and time saved (typical kit extractions can be performed in half a day, 
including all incubations, while phenol/chloroform extractions can take up to three 
days - with a lot of down time for incubations - to complete) using  the kits usually 
makes up for the reduced recoveries. 
 
Spin Columns 
 
A common type of commercially available kit is a spin-column kit.  Many 
companies produce and sell these types of extraction kits, each with its own 
specifics in capacity, size, reagents, and improvements over others, but in 
general, the process is the same.  The first step, as discussed above for general 
DNA isolation, is lysis of the cells, using chaotropic salts such as guanidine 
hydrochloride, guanidine thiocyanate, urea and lithium perchlorate.  Detergents 
and enzymes, such as SDS and proteinase K as described previously, are often 
included in these lysis buffers, as well. 
Next, the lysate is added to a chamber that fits inside a 1.5-2 ml 
microcentrifuge tube.  Inside the chamber is a tiny silica disc that acts as a filter 
by binding the DNA and allowing the rest of the lysate to flow through as the 
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chamber/tube apparatus is centrifuged at high speed for 1-2 minutes.  Alcohol is 
often added to aid in the binding, as well as to wash the residual cell proteins, 
impurities, and salts used in lysis away from the bound DNA.  After each addition 
of alcohol-containing wash buffer, another centrifugation is performed and the 
flow-through is discarded.  Finally, the pure DNA is released from the column by 
the addition of a low-ionic strength elution buffer (usually a Tris solution but pure 
water can also be used), followed by a final spin (Kennedy 2010).  The whole 
extraction process takes a few hours and is quite safe to perform. 
 
Magnetic Beads 
 
Magnetic bead kits, such as the one used for this project, Agencourt® 
DNAdvanceTM Genomic DNA Isolation Kit (Agencourt® Bioscience Corp., 
Beckman Coulter, Beverly, MA, USA), make the process of DNA isolation more 
streamlined and cost-effective for a large number of samples by utilizing a 96-
well plate format.  Also, by using magnetic separation, it removes the need for 
centrifugation or vacuum filtration, which cuts down the time needed for 
extraction and makes it amenable for automation. 
The protocol begins as all the others previously discussed with a lysis step 
using a buffer containing proteinase K.  Following incubation, the lysate is 
transferred to a new plate and a binding buffer is added to prepare the sample for 
binding to the paramagnetic beads. The DNAdvance kit uses a slightly different 
magnetic bead technology than what has been described above.  Instead of 
using silica coated beads, it employs a patented Solid Phase Reversible 
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Immobilization (SPRI®) technology.  SPRI® beads are 1 μm in diameter and are 
highly uniform in size (Hawkins 1998; Hawkins et al. 1994).  They are created 
with a polystyrene core surrounded by magnetite and an outer coating of a 
carboxylate-modified polymer (SPRI 2011).  The presence in the binding buffer of 
a molecular crowding agent, polyethylene glycol (PEG), and a high salt (NaCl) 
concentration causes the DNA to compact on itself and precipitate (Zimmerman 
and Minton 1993).  Upon addition of the magnetic beads to the solution, the 
precipitated DNA can then reversibly bind the carboxyl-coated particles (Hawkins 
et al. 1994; DeAngelis et al. 1995; Hawkins 1998), likely by adsorption via a salt 
bridge as described above for silica-coated surfaces. 
The plate is then placed on a strong magnet, which pulls the DNA-bound 
magnetic beads to the bottom of the well, allowing the residual liquid containing 
proteins and impurities to be aspirated out of the well.  A series of washes with 
ethanol are performed by removing the plate from the magnet, adding the 
ethanol, repeated pipetting to resuspend the magnetic particles, and returning 
the plate to the magnet to aspirate the wash solution.  Finally, a low-ionic 
strength elution buffer (Tris-acetate (DeAngelis et al. 1995) or water (Hawkins 
1998)) is added to the beads to release the DNA.  The plate is once again placed 
on the magnet, and the solution containing the DNA is transferred to a clean 
storage vessel (Agencourt 2007). 
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Sample Storage 
 
 When tissue samples are collected they must be used immediately for 
DNA extraction or flash frozen using liquid nitrogen or dry ice and stored at -80°C 
or colder to reduce the action of nucleases breaking down the DNA (Engstrom et 
al. 1999).  Blood samples can also be frozen at -20°C (though DNA yield has 
been lower for this storage method than for refrigeration).  The method of choice 
for blood storage is refrigeration (2-8°C) for a time (up to 922 days), with only 
slight loss of DNA yield being seen as refrigeration time increases, or long term 
storage (years) at -70°C to -80°C (Richardson et al. 2006). 
Timely refrigeration or freezing of samples is not always feasible when 
cattle DNA collections take place on remote ranches.  One technology that gets 
around the freezing/refrigeration problem is the use of FTA™ cards (Whatman® 
Inc., GE Healthcare, Florham Park, NJ, USA).  These patented cards contain 
chemicals that cause cell lysis and protein denaturation of blood and mucosal 
cell samples directly on the card.  The DNA that is released then binds to the 
fibers of the card matrix.  The DNA stored on the cards is also protected from 
nucleases, oxidation, and UV damage.  FTA™ cards can be stored indefinitely at 
room temperature and do not require any special laboratory training to use, 
which makes them ideal for ranchers interested in genotyping their cattle.  The 
cards can then be shipped to the lab using regular mail (FTA Nuclic Acid 2009; 
FTA Cards 2010).  For this project, the DNA was extracted from the matrix using 
a modified Agencourt® DNAdvance™ Genomic Isolation kit protocol (see 
Materials and Methods for details). 
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 Allprotect® Tissue Reagent from Qiagen® (Valencia, CA, USA) is a product 
that immediately stabilizes the DNA, RNA and protein in tissue samples, allowing 
them to be stored at room temperature for about a week without degradation, 
thus preserving the in vivo profile of the DNA without the need for flash freezing 
(Schröer et al. 2008; Allprotect 2011).  Biomatrica®, Inc. (San Diego, CA, USA) 
has a similar product called DNAgard® Tissue which can stabilize DNA in tissue 
samples for up to six months at room temperature (DNAgard 2011). 
 
Restriction Fragment Length Polymorphisms 
 
 
One big step in the progression of identification and parentage testing was 
the development of restriction fragment length polymorphism (RFLP) analysis 
with the use of Southern blot (Southern 1975).  An RFLP occurs when a 
restriction site is either created or eliminated due to a base-pair substitution or 
modification.  They can also be formed by deletions, insertions, or inversions of 
DNA that shift the location of restriction sites.  These polymorphisms cause the 
DNA fragments that are then created after restriction enzyme digestion to vary in 
length between homologous chromosomes and/or individuals (Gusella 1986). 
For example, in 1978, Kan and Dozy described a polymorphism in a DNA 
sequence near the β-globin structural gene that produced two variants – one was 
7.0 kilobases (kb) and the other 13.0 kb – when cut with the restriction enzyme 
Hpa I.  Normally, a 7.6 kb fragment containing the β-globin gene would be 
produced upon DNA digestion with Hpa I.  Both the 7.0 kb and 13.0 kb variants 
were only detected in people of African descent, not in Caucasians or Asians, 
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and the larger fragment variation was associated with the sickle hemoglobin 
mutation.  The authors postulated that this phenomenon of a polymorphism 
within a restriction site could be used as a “new class of genetic marker” that 
would provide a novel technique for detection of other hereditary diseases, 
analysis of genetic linkage, and/or anthropological studies (Kan and Dozy 1978).  
Other papers (Jeffreys 1979; Lai et al. 1979; Wyman and White 1980; Gusella 
1986) published in the years following verified this claim of Kan and Dozy.  
Among these findings were RFLPs in regions of DNA that were not associated 
with a specific phenotypic change (they were silent mutations) (Lai et al. 1979), 
as well as RFLPs that were not associated with a gene at all (Wyman and White 
1980).  These discoveries paved the way for genetic testing in paternity, identity, 
and forensics cases. 
In 1986, Smouse and Chakraborty discussed the effectiveness of using 
RFLP technology to further fine-tune paternity disputes in cases where the usual 
array of blood group antigens, red cell enzymes, serum proteins, and human 
leukocyte antigens (HLA) were unable to sufficiently exclude falsely accused 
males.  They suggested that there were limitations to the implementation of this 
technology on a wide scale, including cost of DNA testing at the time.  But they 
also mentioned some possibilities for RFLPs in the field of paternity testing, one 
of which was the ability to improve genetic resolution for parent trios where the 
exclusion power was low (Smouse and Chakraborty 1986). 
Briefly, to determine parentage using RFLPs, DNA samples from putative 
parents and offspring are collected.  The DNA is digested using specific 
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restriction enzymes followed by electrophoresis through an agarose gel.  The 
DNA fragments are then transferred to a membrane and probed with 
radioactively labeled homologous oligonucleotides via the Southern blot method 
(Southern 1975).  After hybridization is complete, the bands are visualized using 
autoradiography, and a comparison between the banding pattern of the offspring 
and the putative parents can be made (Chimera et al. 1989). 
While analysis of RFLPs was a much more accurate method of parentage 
determination than what had been used in the decades previously, it still 
presented problems.  Because of its nature as a 2-allele marker system, RFLP 
analysis is hard to definitively track where the alleles come from; when critical 
individuals are homozygous for a certain locus, pedigree information cannot be 
obtained (Jeffreys et al. 1985; Gusella 1986).  Also, at any given locus, only a 
few, if any, restriction enzymes are likely to detect an RFLP because of the low 
mean heterozygosity of human DNA (Jeffreys et al. 1985).  To overcome these 
pitfalls, researchers turned to a newer discovery in genetic polymorphisms, 
minisatellites. 
 
Minisatellites or Variable Number Tandem Repeats 
 
The term “minisatellite” was coined by Alec Jeffreys in 1985.  He was 
describing a highly variable region in human DNA that contained short tandem 
repeating sections of tens (his report lists 16-64) of nucleotide bases – the 
minisatellites (Jeffreys et al. 1985) (also called variable number tandem repeat 
(VNTR) loci (Smeets et al. 1989)).  Minisatellites typically have repeats of 15-70 
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base pairs (bp), ranging in size from 0.5 to 30 kb, and are found in the 
euchromatic areas of the genome (Koreth et al. 1996).  Not long after first being 
described in humans, VNTRs were characterized in bovine for identification and 
paternity diagnosis (Georges et al. 1991).  These DNA polymorphisms are 
attractive as genetic markers because of their high variability, plentiful numbers, 
and dispersal throughout the genome.  Because of the possibility for multiple 
alleles based on the number of repeated DNA segments, probing of VNTRs can 
provide a more accurate parentage determination (Jeffreys et al. 1985; Smeets 
et al. 1989; Alford et al. 1994). 
Initially, the process for detecting and scoring minisatellites was basically 
identical to the steps taken for RFLP analysis.  The genomic DNA had to first be 
digested with a restriction enzyme to release the minisatellites in manageable 
fragments whose size would closely reflect the number of repeats present in the 
minisatellite.  Gel electrophoreseis followed by Southern blot and hybridization 
with a radiolabeled probe specific to the repeating region revealed what Jeffreys 
called a personal “DNA fingerprint” which was specific to each individual tested 
(Jeffreys et al. 1985).  This concept of a unique DNA fingerprint has become the 
core idea behind current parentage testing techniques, though the technologies 
have continued to evolve. 
 
Automation: Sequencing and PCR 
  
The ability to determine the sequence of nucleotides in a given sample of 
DNA opened many doors for the field of DNA testing.  Frederick Sanger’s 1977 
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dideoxy chain-terminating sequencing method (Sanger et al. 1977) quickly 
became the sequencing technique of choice for scientists.  In 1985, fluorescently 
labeled primers (Smith et al. 1985), and in 1987, fluorescently labeled 
dideoxynucleotides (Prober et al. 1987), were introduced to the automatic 
sequencing process.  Fluorescence was important because it allowed for multiple 
amplicons to be analyzed concurrently in a single gel lane or capillary tube by an 
automated sequencer to obtain the sequence information for the polymorphisms 
in question (Connell et al. 1987; Skolnick and Wallace 1988; Diehl et al. 1990; 
Nie et al. 1991; Ziegle et al. 1992).  The addition of computer databases that 
could acquire the fragment sizes directly from the sequencer was yet another 
breakthrough that made possible the completion of large DNA genotyping 
projects (like the Human Genome), as well as widespread parentage testing 
(Diehl et al. 1990; Ziegle et al. 1992). 
Another great advance to the field of DNA genotyping was made by the 
utilization of polymerase chain reaction (PCR) technology (Saiki et al. 1985; 
Mullis et al. 1986; Saiki et al. 1988).  With this development, primers (short 
oligonucleotides of typically around 15-30 bp in length) could be designed and 
synthetically created to amplify any region of DNA that may be of interest, 
including polymorphic regions that are useful in parentage determination.  After 
staining with silver or ethidium bromide,  amplified products are able to be 
detected directly in a gel following electrophoresis (Skolnick and Wallace 1988).   
Also, radio isotope- or fluorescently-labeled deoxyribonucleotide triphospates 
(dNTPs) or primers can be included in the PCR reaction mix and will be 
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incorporated into the amplified product.  Both radioactivity and fluorescence 
allowed for highly sensitive detection of amplified bands containing the sequence 
of interest (Schwengel et al. 1994).  Another non-radioactive option is the use of 
digoxigenated (CAC)5 oligo probes which are detected by an anti-digoxigenin 
antibody conjugated to alkaline phosphatase and can be detected in the gel 
(Zischler et al. 1989).  Fluorescence, however, has become the more widely 
used labeling option because of its ability to be automated (Ziegle et al. 1992; 
Koreth et al. 1996).  Being able to detect polymorphisms directly in a gel 
removed the need for the blotting and hybridization steps that were required with 
RFLP and minisatellite analyses, and paved the way for truly automated high-
throughput DNA genotyping.  
 
Microsatellites or Short Tandem Repeats 
 
 
Microsatellites (also called short tandem repeat polymorphisms (STRs) 
and simple sequence length polymorphisms (SSLPs)) are another class of 
repeating, non-coding DNA, similar to minisatellites.  Microsatellites are also 
found in the euchromatin, but have a repeat size of 2-6 bp which are usually 
repeated 15-30 times, forming an average length of 100 bp.  STRs are highly 
variable within a population (Koreth et al. 1996).  They are estimated to occur 
within a genome at a frequency of every 300-500 kb (Alford et al. 1994). 
Amplification of these STR regions, followed by electrophoresis of the 
amplified fragments either on a polyacrylamide gel (PAGE) or via capillary gel 
electrophoresis, has become the standard for parentage testing in the last few 
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decades because of its ease of use, high specificity, and relatively low cost 
(Vignal et al. 2002) compared to previous typing methods.  Other advantages for 
the use of microsatellites in genotyping and parentage identification projects 
include the fact that only a small amount of DNA is needed to perform a reaction, 
and the DNA does not have to be in pristine shape (in other words, somewhat 
degraded DNA can and has been used and typed with some success) (Alford et 
al. 1994; Koreth et al. 1996; Chakraborty et al. 1999).  Also, as mentioned 
previously, by using PCR and fluorescence technology, in combination with 
sequencing machines and software, microsatellite typing can be automatable 
and quick to perform (Alford et al. 1994; Chakraborty et al. 1999). 
 
Single Nucleotide Polymorphisms 
 
Currently, a newer technology is becoming more popular for identifying 
parentage - that of single nucleotide polymorphism (SNP, pronounced “snip”) 
testing (Vignal et al. 2002).  SNPs are yet another type of polymorphism that 
have been used for determination of parentage.  A SNP is a base change at a 
single, specific nucleotide in a DNA sequence that differs between homologous 
chromosomes in individuals.  Millions  of SNPs have been identified in humans, 
as well as other mammals including livestock species (Heaton 2008; Perkel 
2008; Donthu et al. 2010), appearing in the genome at an estimated every 100-
1000 bp (Langlois 2005; Baruch and Weller 2008; Heaton 2008; Perkel 2008). 
 By sequencing a combination of these polymorphic regions, one can decipher or 
resolve parentage questions. 
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While SNPs are biallelic markers and are therefore, by themselves, not as 
informative as the multiallelic STRs discussed previously, SNPs have plenty of 
advantages for parentage determination genotyping.  First, SNPs are highly 
abundant (Anderson and Garza 2006; Van Eenennaam et al. 2007; Baruch and 
Weller 2008; Heaton 2008), are easily standardized between laboratories 
(Werner et al. 2004; Anderson and Garza 2006; Van Eenennaam et al. 2007; 
Heaton 2008; Negrini et al. 2009; Allen et al. 2010), and have low genotyping 
error rates (Anderson and Garza 2006; Van Eenennaam et al. 2007; Baruch and 
Weller 2008; Hill et al. 2008).  To genotype a SNP, only a small amount of DNA 
(total molecules as well as length of molecule) is needed, which makes it easier 
to test degraded samples (Chakraborty et al. 1999; Tokarska et al. 2009).  SNP 
genotyping is easily automatable (Chakraborty et al. 1999; Werner et al. 2004; 
Anderson and Garza 2006; Baruch and Weller 2008; Heaton 2008; Hill et al. 
2008; Negrini et al. 2009).  Developing a SNP profile takes less time than an 
STR profile (Chakraborty et al. 1999) and is easier to interpret (Allen et al. 2010).  
Cost is much lower for a SNP genotype than a microsatellite genotype (Anderson 
and Garza 2006; Baruch and Weller 2008; Heaton 2008; Hill et al. 2008).  SNPs 
have lower mutation rates (Werner et al. 2004; Heaton 2008; Hill et al. 2008; 
Negrini et al. 2009; Allen et al. 2010) than microsatellites.  Finally, SNPs can be 
used to test non-coding regions of DNA as well as coding regions, which allows 
for genotyping of neutral DNA rather than genes that are under selection 
(Tokarska et al. 2009).  For all these reasons, SNP genotyping has become the 
“gold standard” for genetic analysis to determine parentage (Heaton 2008). 
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A variety of technologies and systems are currently available for 
genotyping and scoring SNP markers.  One that only requires the use of a 
thermal cycler is TaqMan® technology.  Seeb et al. (2009) described the process 
of detecting SNPs using TaqMan® probes, which offer many advantages for their 
use: they are robust, they produce low genotyping error, they are very 
automatable, and they do not require post-PCR detection steps.  In brief, two 
probes, with different colored fluorescent tags at their 5’ends, are designed to 
hybridize to the two alleles of a SNP site.  As PCR proceeds, the 5’-nuclease 
activity of polymerase causes the probes to be digested, freeing the fluorescent 
marker from the quencher and causing a fluorophore to be emitted.  Depending 
on which color (or colors) are visible during the reaction, one can determine the 
genotype of the SNP in question (Perkel 2008; Seeb et al. 2009).  TaqMan® 
technology has also been used in larger scale systems designed for high 
throughput of many samples and many SNPs.  Two of these systems include 
BioTrove®’s OpenArray® (Woburn, MA, USA) (Perkel 2008; Seeb et al. 2009) and 
Fludigim®’s BiomarkTM HD System (San Francisco, CA, USA) (Seeb et al. 2009). 
Other detection systems use a chip format instead of PCR.  Illumina® (San 
Diego, CA, USA) and Affymetrix® (Santa Clara, CA, USA) are two main 
companies that compete in the DNA microarray realm of SNP testing.  DNA 
microarray chips are useful for genome-wide association studies since they hold 
thousands to millions of oligos corresponding to SNPs that can be scanned for 
each sample and linked to phenotypes such as disease (Perkel 2008).  While 
parentage or identification studies could be done using microarrays, unless a 
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phenotype or disease connection was also of interest, this technology may not be 
the most cost-effective option for ranchers (Wang et al. 2009). 
Another option for SNP genotyping is KBiosciences Competitive Allele-
Specific PCR (KASP™) v4.0 chemistry (Hoddesdon, Hertsfordshire, UK) 
(Robinson and Holme 2011; KASPar n.d.).  As a brief overview of this 
fluorescence resonance energy transfer (FRET) based system, two forward 
primers, one specific for each allele, are each designed with a unique unlabeled 
5’ tail sequence.  A common reverse primer is designed for each SNP.  Two 
oligos with FAM-MGB (minor groove binder) or VIC-MGB fluors on the 5’ ends 
are designed to interact with the 5’ tails of the allele specific primers.  Finally, two 
oligos with attached quencher molecules at the 3’ end are created to complement 
the fluor-labeled oligos (and also the tails of the allele-specific primers), thus 
quenching the fluorescence until needed.  All of these oligos are included in a 
typical PCR reaction.  As the reaction proceeds, the fluorophore-labeled 
oliognucleotide anneals to the incorporated tail sequence in the amplicon, thus 
releasing the quencher-bound complement and emitting a fluorescent signal.  A 
heterozygous genotype at a SNP would cause both fluorophores to be detected, 
whereas if only one or the other fluor is seen, the genotype call is homozygous 
(Robinson and Holme 2011).  The results for offspring are compared to putative 
parents.  A sire or dam whose SNP sequences mismatch an offspring at more 
than one locus is typically excluded as a potential parent.  Ideally, all offspring 
tested will be matched to just one sire and/or one dam. 
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High-throughput machines allow a large number of SNPs to be run against 
many different samples with a relative minimal amount of labor, time, and cost.  
The Fluidigm® BioMarkTM 96.96 Dynamic ArrayTM Integrated Fluidic Circuit (IFC) 
system (Wang et al. 2009; Fluidigm 96.96 n.d.; Fluidigm SNP n.d.) is able to 
perform a total of 9216 PCR reactions, each with a final volume of 6.75 nl, by 
creating a grid of 96 assays that can be run against 96 samples on a single plate.  
A network of fluid lines, NanoFlexTM valves, and chambers makes up the IFC.  
The elastomeric NanoFlexTM valves control the flow of liquid through the lines of 
the IFC by bending under pressure to form a tight seal.  During the loading and 
mixing process, these valves are opened and closed by precise application or 
removal of pressure, allowing the SNP assays to mix with the sample DNA in 
individual, isolated chambers.  The plate is then moved to a thermal cycler for 
completion of PCR.  Following PCR, the BioMarkTM HD System acquires the final 
fluorescent image data and the data is analyzed using Fludigim®’s SNP 
Genotyping Analysis software (Wang et al. 2009) (see below for more details). 
At this time, 121 SNPs have been approved and made available by the 
U.S. Department of Agriculture-Meat Animal Research Center (USDA-MARC) for 
parentage testing in dairy and beef cattle (USDA-MARC 2008).  To become an 
accredited lab for DNA testing (for identification and parentage) in cattle, the 
International Society for Animal Genetics (ISAG) (Morrin and Boscher 2012) and 
the International Committee for Animal Recording (ICAR) (ICAR Rules 2012) 
require that a minimum of 95 SNPs from the reference core panel recommended 
by ISAG (found in Table 1) be successfully typed.  This ISAG reference core 
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panel contains 100 SNPs selected from the 121 SNPs screened by the USDA-
MARC. 
Due to current costs, many producers are not interested in paying for their 
samples to be run on a full, accredited panel.  Instead, they would rather pay a 
reasonable price to get the information they need from a smaller panel of SNPs.  
A number of reports have been published with relatively few numbers of SNPs, 
ranging from 20 to 100, that are able to determine parentage and/or identification 
in a variety of breeds of cattle (Heaton et al. 2002; Werner et al. 2004; Heaton et 
al. 2005; Van Eenennaam et al. 2007; Gibbs et al. 2009; Karniol et al. 2009; 
Allen et al. 2010; Ilic et al. 2011) and other species (Rohrer et al. 2007; Tokarska 
et al. 2009) (see Table 2). 
Currently, Fluidigm® (Ilic et al. 2011) sells a set of allele-specific primers 
(called SNPtypeTM assays) for 88 parentage SNPs (reduced from the USDA’s 
original 121).  This project, for partial completion of requirements for a Master of 
Science Degree in Animal, Dairy, and Veterinary Sciences from Utah State 
University, will focus on attempting to further decrease the number of SNPs 
(starting with the 88-SNP panel from Fluidigm®) that are required to produce 
statistically valid and accurate parentage assignments in dairy and beef cattle 
herds. 
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Table 1. GenBank® accession numbers for the SNPs included in the ISAG 
reference core panel 
 
AY761135 AY929334 DQ647189 DQ846691 EF026084 
AY776154 AY937242 DQ647190 DQ846692 EF026086 
AY842472 AY939849 DQ650635 DQ846693 EF026087 
AY842473 AY941204 DQ650636 DQ866817 EF028073 
AY842474 AY943841 DQ674265 DQ866818 EF034080 
AY842475 DQ381152 DQ786757 DQ888309 EF034081 
AY844963 DQ381153 DQ786758 DQ888310 EF034082 
AY849381 DQ404149 DQ786759 DQ888311 EF034083 
AY850194 DQ404150 DQ786761 DQ888313 EF034084 
AY851162 DQ404151 DQ786762 DQ916057 EF034085 
AY851163 DQ404152 DQ786763 DQ916058 EF034086 
AY853302 DQ404153 DQ786764 DQ916059 EF034087 
AY853303 DQ435443 DQ786766 DQ984825 EF042090 
AY856094 DQ451555 DQ789028 DQ984826 EF042091 
AY858890 DQ468384 DQ837643 DQ984827 EF093509 
AY860426 DQ470475 DQ837644 DQ990832 EF093511 
AY863214 DQ489377 DQ837645 DQ990833 EF093512 
AY914316 DQ500958 DQ839235 DQ990834 EF141102 
AY916666 DQ647186 DQ846688 DQ995976 EF150946 
AY919868 DQ647187 DQ846690 DQ995977 EF164803 
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Table 2. Summary of published SNP panels for cattle parentage and 
identification 
 
Reference # SNPs Breeds tested Analysis 
Allen et al. 2010 43 
Limousin, Belgian Blue, 
Simmental, Charolais, Aberdeen 
Angus, Holstein identity 
Gibbs et al. 2009 >1001 
Angus, Brown Swiss, Charolais, 
Guernsey, Hereford, Holstein, 
Jersey, Limousin, N'dama, 
Norwegian Red, Piedmontese, 
Red Angus, Romagnola, Sheko, 
Brahman, Gir, Nelore, 
Beefmaster, Santa Gertrudis, 
Anoa, Mediterranean Buffalo parentage 
Heaton et al. 2002 32 
Angus, Hereford, Limousin, 
Simmental, Charolais, 
Beefmaster, Red Angus, 
Gelbvich, Brangus, Salers, 
Shorthorn, Maine-Anjou, Texas 
Longhorn, Santa Gertrudis, 
Chianina, Holstein 
identity, 
parentage 
Heaton et al. 2005 20 Holstein, other dairy, beef 
identity, 
traceback 
Ilic et al. 2011 96 Simmental 
indentity, 
parentage 
Karniol et al. 2009 252 
Holstein, Simmental, Brown 
Swiss, Pinzgauer parentage 
Rohrer et al. 2007 60 
Duroc, Hampshire, Landrace, 
Yorkshire3 
identity, 
parentage 
Tokarska et al. 2009 50-601 European bison3 
identity, 
parentage 
Van Eenennaam et al. 
2007 28 Angus, Hereford parentage 
Werner et al. 2004 37 Holstein, Fleckvieh, Braunvieh 
identity, 
parentage 
1No actual published panel of SNP IDs, just an estimate based on the authors’ 
calculations. 
2Authors advise using supplemental markers when only one parent is available 
or in multi-sire pasture situations. 
3Not cattle breeds. 
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Genotype Calls and Parentage Determination 
 
 
 The Fluidigm® SNP Genotyping Analysis software is used to obtain 
genotype calls after the PCR reaction has been completed and the fluorescent 
image data is acquired by the BioMarkTM HD machine.  The software calculates 
the fluorescent signals from the FAM and HEX channels and creates a scatter 
plot with the FAM relative intensity (to ROX background) on the X-axis and 
relative intensity of HEX on the Y-axis.  It then groups and color-codes the 
samples using a k-means clustering algorithm based on nearest-centroid sorting 
(Wang et al. 2009).  The genotype call information is then exported as an excel 
file and, using excel macros created in house, is reformatted into the correct 
orientation for use in downstream software programs (CERVUS 3.0 (Kalinowski 
et al. 2007) and SireMatch 2.0 (Pollak 2006)) that make parentage determination 
calls. 
 
Parentage Determination:  
The Exclusion Method 
 
 Technically, parentage determination can be done without software, 
though it is a time-intensive process.  The simplest and most straight forward 
process is called the exclusion method.  Each potential parent is matched up 
pairwise to each offspring and their genotypes are compared.  If at least one 
allele from a potential parent does not match the offspring at any given locus, it is 
noted as a conflict.  For example, if the genotype of the putative sire is G:G and 
the calf is A:A, the offspring could not have received either allele at that locus 
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from this parent, and thus an exclusion would be noted.  If, instead, the putative 
sire genotype was G:G and the calf was A:G, no exclusion would be recorded 
because the offspring could possibly have received the G allele from this 
candidate parent.  Most researchers and software packages allow for at least 
one conflict to be made before completely excluding a candidate parent because 
of the possibility of mutations, genotyping errors or unknown null alleles.  After all 
candidate parents have been compared to a calf, the candidate with zero 
exclusions is deemed the parent.  If no candidate parent-offspring pairing had 
zero conflicts, the candidate with one recorded exclusion is assigned parentage 
to that calf.  If no or multiple animals meet these criteria, parentage is marked 
“unknown” for that calf (Dodds et al. 1996; Langlois 2005; Van Eenennaam et al. 
2007; Baruch and Weller 2008). 
 Assuming a population is in Hardy-Weinberg equilibrium, the probability of 
proving that a randomly chosen individual other than a true parent is not the true 
parent of another random individual in the group is called exclusion probability 
(Van Eenennaam et al. 2007).  Exclusion probability is calculated from population 
frequencies of marker alleles (Visscher et al. 2002).  Jamieson and Taylor (1997) 
and others (Dodds et al. 1996; Marshall et al. 1998) have devised formulas for 
parentage exclusion probabilities based on three common scenarios that can 
arise in parentage assignments: when genotypes of a putative parent, a known 
parent, and an offspring are available; when only an offspring and one parental 
genotype are available; and when the genotypes of two putative parents and an 
offspring are available (Baruch and Weller 2008).  These formulas are commonly 
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used and cited in the literature (Van Eenennaam et al. 2007; Baruch and Weller 
2008) and in publicly available software packages, including one used for this 
project, CERVUS 3.0 (Marshall et al. 1998; Kalinowski et al. 2007). 
 Marker panels with higher exclusion probabilities (closest to 1) are better 
at resolving parentage exclusions than those with lower exclusion probabilities.  It 
has been found that by increasing the number of marker loci in a panel, the 
exclusion probability also increased (Van Eenennaam et al. 2007).  Other factors 
that influence an increase in exclusion probability are the number of alleles at 
each locus, the evenness of the allele frequency at these loci (Langlois 2005), 
and if one parent’s genotype is known (Rohrer et al. 2007).  But more markers 
usually equates to a higher cost to run the analysis, so many people are forced to 
find a balance between cost and accuracy.  If each marker’s individual exclusion 
probability is high, fewer markers are needed in a screening panel than if there 
are low exclusion probability markers included.  With SNPs, higher minor allele 
frequencies (MAF) (close to 0.5) generate higher exclusion probabilities, and 
thus allow for reduction of number of markers (Baruch and Weller 2008).  
Attempts have been made successfully to reduce the panel size, and genotyping 
costs, by eliminating the markers that had the lowest probabilities of exclusion 
(Gomez-Raya et al. 2008). 
While the exclusion method is technically simple to perform, it does pose 
some drawbacks.  Due to mutations, null alleles or genotyping errors, multiple 
candidate parents could remain non-excluded.  There is no way to determine 
which of the non-excluded candidates is the true parent (Marshall et al. 1998; 
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Marshall 2007).  Anderson and Garza argued that the method of exclusion is 
limited because it only uses a portion of the information available in the data, as 
well as it not being easily adjusted to account for genotyping error (Anderson and 
Garza 2006).  Others also discussed the potential genotyping errors or mutations 
that can lead to false exclusions and ultimately wrong decisions if exclusion is the 
only method used (Langlois 2005; Hill et al. 2008). 
 
Parentage Determination: 
The Likelihood Method using CERVUS 3.0 
 
If complete exclusion is not possible, another option for determination of 
parentage is the use of likelihood statistics.  CERVUS 3.0, a software program 
created by Marshall et al. (Marshall et al. 1998; Kalinowski et al. 2007; Marshall 
2007) uses likelihood calculations to make parentage calls.  A brief overview of 
the concepts and equations involved in these assignments will follow below. 
Edwards defined likelihood analysis in terms of evaluating hypotheses 
about data.  He noted that the variable quantity in a likelihood statement is the 
hypothesis, and the outcome is what is actually observed (the data).  This differs 
from a probability statement where the hypothesis is assumed and fixed, and 
there are a variety of possible outcomes (Edwards 1999).   
The informative nature of likelihoods comes when one is compared 
relative to another; this is called the likelihood ratio (Edwards 1999).  For a 
paternity example, in mathematical form, the likelihood L of hypothesis H given 
data D is shown as L(H | D).  The likelihood ratio, or evaluation of one hypothesis  
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(e.g. H1) relative to another (e.g. H2), can be written as  
L(H1,H2 | D) = P(D | H1) 
                       P(D | H2) 
where P(D | Hi) is the probability that under hypothesis Hi , data D can be 
achieved.  In the case of paternity (with known mother) determination, the 
genotypes at a specific locus of the offspring, mother and putative father are the 
data D.  The hypothesis that the putative father is the true father (H1) is tested 
against the hypothesis that the putative father is an individual chosen at random 
from the group and is unrelated (H2) (Marshall et al. 1998).  An individual whose 
likelihood ratio is large compared to the likelihood ratios of other candidate males 
is much more likely to be the true parent than not the true parent.  This ratio is 
called the Paternity Index in human paternity testing (Marshall et al. 1998; 
Marshall 2007).   
For each locus, likelihood gathers two sources of information about the 
putative parent that the exclusion method misses: the frequency of the offspring 
allele(s) that potentially came from the candidate parent and whether the 
candidate parent is homozygous or heterozygous.  With this information, the 
candidate parent that is most likely to be the true parent can be determined.  For 
example, a paternity analysis case is presented where the mother’s identity is 
unknown, and the offspring’s genotype at a given locus is AB, with A being a 
common allele with a frequency of 0.5, and B having a frequency of 0.1 (a rare 
allele).  Any male that carries either allele (A or B) can be considered a putative 
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father.  Three candidate males are tested: male X, with a genotype of AC; male 
Y, with a genotype of AA; and male Z, with a genotype of BB. 
Using the exclusion method, none of these males could be excluded and 
paternity would be left uncertain.  The likelihood approach, however, can identify 
the male that is most likely to be the true father.  The heterozygote, male X, 
shares just one common allele with the offspring; his likelihood ratio is 0.5, 
making him the least likely to be the true parent.  Male Y, who also shares the 
common allele with the offspring, is a homozygote carrying two copies of that 
allele and thus his likelihood ratio is twice that of male X, 1.0.  Male Z shares a 
rare allele with the offspring and, as a homozygote, carries two copies of it.  His 
likelihood ratio is 5.0; because the frequency of allele B is one fifth the frequency 
of allele A, his likelihood ratio is five times greater than that of male Y.  Based on 
this single locus, male Z would be considered the most likely true father.  (It is 
important to remember that multiple loci should be utilized to determine 
parentage with a sufficient level of confidence.)  Males with common genotypes 
have a high probability of matching the offspring by chance compared to males 
with rare genotypes whose probabilities are lower.  Likelihood is able to 
distinguish between these two groups, and if the probability of the match 
occurring by chance is low, it is reasonable to conclude that the match occurred 
because the male in question is the true father (Marshall 2007). 
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LOD Score 
 
The likelihood ratios derived from several unlinked marker loci can be 
multiplied together and the natural logarithm (loge) taken.  This is called the LOD 
score.  CERVUS 3.0 uses LOD scores to make parentage assignments.  If the 
LOD score is zero, the candidate parent is equally as likely to be the true parent 
of the offspring as any other randomly selected animal.  If the LOD score is 
positive, it suggests that the candidate parent is more likely than a randomly 
chosen individual to be the true parent of the offspring.  Almost always the actual 
true parent has a positive LOD score.  LOD scores that are negative could 
happen when the alleged parent and the offspring share an unusually common 
set of alleles or they mismatch at one or more loci; negative LOD scores mean 
the candidate parent is less likely to be the true parent than not (Marshall et al. 
1998; Marshall 2007). 
 
Delta (Δ) Statistic 
 
Another statistic used by CERVUS 3.0, Delta (Δ), is defined as the 
difference in LOD scores between the most-likely parent and the next most-likely 
parent.  This is used for discrimination between non-excluded parents (i.e. 
individuals who have a LOD score greater than zero) (Marshall et al. 1998). 
 
Error Rate 
 
An important feature that CERVUS 3.0 employs in its likelihood equations 
is error rate, to take into account the possibility of typing errors, as well as 
mutations and null alleles.  (It is not statistically ideal to treat mismatches that 
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arise from mutations and null alleles the same as if they had occurred from typing 
errors, but the approximation is better than allowing such mismatches to be used 
as criteria for parentage exclusion.)  An error is defined as the replacement of a 
true genotype at a specific locus with a randomly chosen genotype, under Hardy-
Weinberg assumptions.  This parameter provides a way to use data that may not 
be perfect, without excluding potential parents that mismatch at one or more loci 
but may actually be true parents.  Of course, there is also the possibility of non-
parents who only mismatch at one or two loci falsely being assigned parentage, 
but in practice the best results are obtained when typing errors are allowed for 
(i.e. the error rate is set at a value higher than zero) (Marshall et al. 1998; 
Marshall 2007). 
 
Simulations 
 
Simulations are employed by CERVUS 3.0 to determine the statistical 
significance of Δ values.  Before each parentage analysis is run, a simulation is 
performed which follows the steps of parentage analysis using the allele 
frequencies of the loci typed in the study population.  Maternal and paternal 
genotypes are generated assuming Hardy-Weinberg equilibrium from the 
observed allele frequencies in the study group.  Mendelian sampling of the 
parental alleles creates an offspring genotype.  Then, genotypes are created for 
a number of unrelated candidate parents.  The genotypes are then altered to 
make the simulated data more realistic according to parameters such as number 
of candidates, proportion of candidates sampled, proportion of loci typed, and 
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error rate.  Each putative parent is then considered as the true parent and LOD 
scores are recorded.  Once all parents have been “tested,” the most-likely and 
next most-likely parents are labeled and the Δ score is calculated.  This 
simulation is carried out for a large number (usually 10,000 – 100,000) of 
offspring in order to create distributions of Δ.   
Finally, critical values of Δ are determined so that the significance of Δ 
scores found in an actual parentage analysis run of the population can be tested.  
CERVUS 3.0 makes a comparison of the distribution of Δ scores for true parents 
who were the most-likely parents against the distribution of Δ for non-parents 
who were deemed the most-likely parents.  From this comparison, confidence 
levels, or levels of tolerance of false-positives, can be determined.  For 
determination of a 95% confident paternity, for example, the program identifies 
the value of Δ for which 19 out of 20 Δ values exceeding that value come from 
the distribution of Δ scores for most-likely candidates that were true parents.  
Therefore only 1 out of 20 Δ values that falls higher than that Δ value resulted 
from the distribution for most-likely candidates that were non-parents.  Any 
candidate that has a Δ score that is higher than this critical value is then 
assigned parentage with 95% confidence.  Confidence levels can be set by the 
user depending on the accuracy needed for parentage assignment (Marshall et 
al. 1998; Marshall 2007). 
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Arguments Against Likelihood 
 
Arguments against the use of the likelihood method for parentage 
determination come when close relatives (full sibs of the offspring) can be 
considered as candidate parents.  Using conventional likelihood ratios, it has 
been found that, for example, when no paternal information is known and full sibs 
of the offspring are being tested for maternity, that non-excluded full sibs have a 
higher likelihood of maternity than the true mother, on average.  It is true that 
close relatives do lead to overestimation of confidence, but this overestimation is 
quite small under most conditions encountered in natural populations.  It is 
important to be careful when full sibs of the offspring, as well as half sibs of the 
offspring (when one parent is unsampled), can be considered as candidate 
parents.  CERVUS 3.0 has a setting that can simulate relatives of the mother-
father-offspring trio amidst the pool of candidates in order to generate more 
accurate critical Δ scores for determining confidence levels (Marshall et al. 1998; 
Marshall 2007). 
 
SireMatch 
 
 SireMatch 2.0 (Pollak 2006), a second software program that is used in 
this project, also uses a likelihood-based approach to calculate probabilities for 
putative sires being the true sire based on the genotypes of the calf, dam and all 
other possible sires (Van Eenennaam et al. 2007).  However, it is not as 
extensive a program as CERVUS 3.0, in that it does not perform simulations or 
account for relatives or error rates, and therefore is used as a secondary check 
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for the results obtained from CERVUS 3.0, rather than as a stand-alone 
parentage identification program for our purposes. 
 
Objectives 
 
 
The objectives of this thesis are to determine the minimum number of SNP 
markers from the 88-marker parentage panel (Ilic et al. 2011) available from 
Fluidigim® that will statistically and reliably assign parentage (either paternity, 
maternity, or both) for cattle populations, and thus create a “new and improved” 
marker panel that can be used at a lower cost to the ranchers. 
 
Justification 
 
 
Parentage testing is important because it has been estimated that sire 
misidentification rates of 4-23% (Christensen et al. 1982; Geldermann et al. 
1986; Banos et al. 2001) are causing reduced sire breeding values for milk, milk 
fat and protein yields (Banos et al. 2001).  Sire misidentification can also lead to 
decreased genetic gain from selection and a loss of income (Senneke et al. 
2004), underestimated genetic progress (Van Vleck 1970), and skewed additive 
genetic variance and heritability of traits related to meat (Christensen et al. 1982) 
and milk (Geldermann et al. 1986) production.  From a practical standpoint for 
natural cover operations, knowing which bulls are the sires of the calves born can 
help in determining if the money spent on keeping a certain bull in the herd is 
worth it (Gomez-Raya et al. 2008).  Accurate parentage assignments can also 
prevent the wrong animals from being culled.  Additionally, many breed registries 
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require DNA parentage verification. 
 By reducing the number of SNPs per run, overall costs would be 
decreased in terms of labor, time, and materials needed, thus making it more 
feasible for ranchers to receive useful parentage information for their herds.  
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CHAPTER II 
MATERIALS AND METHODS 
 
 
Sample Collection and DNA Isolation 
 
 
In total, 3660 bovine samples (hair, semen, or blood) were collected from 
three dairies and six ranches in the Northern Utah, Southern Idaho, and 
Southwestern Wyoming areas.  Breeds represented included Holstein, Angus, 
Hereford, Irish Black, Jersey, Red Angus, Limousin, Hereford X Angus, Charolais 
X Angus, Brown Swiss, and Maine-Anjou.  Many of these samples came from 
known sire/dam/offspring trio and sire/offspring or dam/offspring duo groups that 
acted as controls to ensure that the software programs making parentage calls 
were accurate.  Other samples were from unknown groupings of parents and 
offspring.  While there is no way to tell if the software made correct calls for such 
groups of unknown parentage, the data collected from these animals was still 
used to determine if the reduced SNP panel was consistent in making the same 
calls as the original set of SNPs did. 
DNA from at least 10 hair root follicles from each animal was extracted 
using the Agencourt® DNAdvanceTM Genomic DNA Isolation Kit (Agencourt® 
Bioscience Corp., Beckman Coulter, Beverly, MA, USA) (Agencourt 2007) with 
modifications as follows:  Dithiothreitol (DTT) was omitted from the lysis buffer as 
it is too harsh for hair root follicles (the kit is designed for extraction from rodent 
tail tips).  To each 0.6 ml tube containing hair roots, 98 μl Lysis Buffer was 
added, followed by a 15 minute shaking incubation at 55°C.  Half the suggested 
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volumes of Bind 1, Bind 2 and 70% ethanol were used for the binding and wash 
steps.  All incubation and spin times and temperatures for these reagents 
remained as written in the protocol.  DNA was eluted in 30 μl Elution Buffer; 25 μl 
of the eluent was transferred to a clean 96-well plate and stored at -20°C for 
further use.  For downstream reactions, DNA concentrations were required to be 
a minimum of 10 ng/μl, with a 260/280 purity score of 1.7-2.1 as determined by a 
spectrophotometer (NanoDrop® 2000, Thermo Scientific, Wilmington, DE, USA).  
If concentrations were not high enough, the extraction process was repeated with 
a new sample of hair roots from the same animal. 
Blood samples were collected on standard FTA™ cards (Whatman® Inc., 
GE Healthcare, Florham Park, NJ, USA).  Five or more 6-mm punches were 
taken from each card, and DNA was extracted using the DNAdvance™ Kit with 
modifications as described above. 
Semen samples were processed as described by Sambrook and Russell 
(Sambrook and Russell 2001b) and Abdel Dayem et al. (2009) as follows: 
 Frozen semen straws were thawed in a 37°C water bath for approximately 1 
minute.  Thawed semen was then deposited into a 1 ml microfuge tube and 
centrifuged at 5000 rpm for 5 minutes.  The supernatant was discarded.  To the 
pellet 0.5 ml lysis buffer (Sambrook SNET: 20 mM Tris-HCl (pH 8), 5 mM EDTA 
(pH 8), 400 mM NaCl, 1% SDS, 400 μg/ml proteinase K) was added, followed by 
an overnight incubation at 55°C with shaking.  The sample was then extracted by 
adding an equal volume of phenol:chloroform:isoamyl (25:24:1), vortexing for 10 
seconds, then centrifuging at max speed for 2 minutes.  The aqueous layer was 
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removed to a new tube and the extraction step was repeated without phenol. 
 The DNA was precipitated in 0.5 ml isopropanol.  After washing with 70% 
ethanol, the samples were resuspended in 30 μl TE buffer or water, specked on 
the NanoDrop, and stored as described above for other DNA samples. 
 
Specific Target Amplification 
 
 
Specific target amplification (STA) was performed as described in the 
Fluidigm® SNPtypeTM Assays for SNP Genotyping on the Dynamic ArrayTM IFCs 
protocol (Fluidigm SNP n.d.)  with specific details as follows.  (The manual 
suggests executing this step if DNA quality is poor or concentrations are not 
sufficiently high to proceed directly to genotyping (they must be at least 60 ng/μl), 
but we found that genotyping results improved greatly when STA was done on 
every sample.) 
First, the STA primer pool was prepared by mixing 100 μM SNPtypeTM 
Assay STA Primer (for each assay, depending on the number of SNPs in the 
panel) and 100 μM SNPtypeTM Assay Locus Specific Primer (LSP) (for each 
assay) with DNA Suspension Buffer (10 mM Tris (pH 8), 0.1 mM EDTA) to a final 
total volume of 400 μl and final concentrations for each primer of 500 nM.  Next, 
STA Pre-Mix aliquots were prepared by combining Qiagen® 2X Multiplex PCR 
Master Mix (PN 206143, Qiagen® Inc., Valencia, CA, USA) with the prepared 
10X SNPtypeTM STA Primer Pool described above and PCR-certified water for a 
final concentration of 1X each for the Qiagen® Master Mix and SNPtypeTM Primer 
Pool.  The Pre-Mix was added to 1.25 ul of each genomic DNA sample in a 96-
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well PCR plate to make a final volume of 5 μl.  Thermal cycling proceeded with a 
95°C hold for 15 minutes followed by 14 cycles of 95°C denaturation for 15 
seconds and 60°C annealing/extension for 4 minutes.  The STA products were 
diluted 1:100 in DNA Suspension Buffer and stored at -20°C until needed for 
genotyping. 
 
Genotyping Reaction 
 
Continuing on with the same protocol as used above for STA reactions, 
SNPtypeTM Assay Mixes were assembled by mixing 100 μM each of SNPtypeTM 
Assay Allele Specific Primers (ASP1/ASP2), 100 μM SNPtypeTM Assay LSP, and 
DNA Suspension Buffer to a total volume of 40 μl (final concentration of ASP was 
7.5 μM and LSP was 20 μM).  Next, a 10X Assay was created for each SNP by 
combining 2X Assay Loading Reagent (final concentration of 1X), PCR-certified 
water, and the SNPtypeTM Assay Mix (final concentration of 1X) just described for 
a total of 5 μl.  In the case of unused assay wells on a chip run, 2X Assay 
Loading Reagent was mixed with water to total 5 μl and have a final 
concentration of 1X. 
Samples were prepared by first creating a Sample Pre-Mix consisting of 
Biotium 2X Fast Probe Master Mix (PN 31005, Biotium Inc., Hayward, CA, USA), 
SNPtypeTM 20X Sample Loading Reagent, SNPtypeTM 60X Reagent, ROX (PN 
12223-012, Invitrogen™, Life Technologies, Grand Island, NY, USA) and water 
to create a final concentration of 1X each.  Three and a half microliters of Sample 
Pre-Mix was added to 2.5 μl of the 1:100 diluted STA product discussed above 
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for a Sample Mix solution totaling 6 μl.  Two non-template controls (NTCs) were 
also made by replacing the diluted STA product in the 6 μl Sample Mix with 
water.  These NTCs were made and included on every plate run. 
The Dynamic ArrayTM IFC was primed by injecting control line fluid into the 
accumulators on the IFC chip, removing the protective blue film from the bottom, 
and running the Prime (138x) script on the IFC Controller HX.  After priming, 4 μl 
10X Assay Mix was pipetted into each assay inlet and 5 μl of Sample Mix was 
pipetted into each sample inlet on the IFC.  The Load Mix (138x) script on the 
IFC Controller HX was run, and upon completion the chip was removed from the 
machine and moved to the BiomarkTM HD for thermal cycling.  Protocol 
SNPtypeTM 96x96 v1 was run as follows: a thermal mix of 1 cycle of 70°C for 30 
minutes and 25°C for 10 minutes was followed by a 5 minute hot start at 95°C.  
Four cycles of touchdown PCR then occurred where 1 cycle consisted of 95°C 
for 15 seconds, 64°C (dropping 1°C per cycle to 61°C) for 45 seconds, and 72°C 
for 15 seconds.  Thirty-four additional PCR cycles of 95°C for 15 seconds, 60°C 
for 45 seconds, and 72°C for 15 seconds then were run.  A final cooling cycle at 
20°C for 30 seconds was performed to complete the thermal cycling. 
After thermal cycling, the information on the chip (IFC barcode and type) 
was loaded into the chip run file.  Application (genotyping), passive reference 
(ROX) and probe types (SNPtypeTM-FAM and SNPtypeTM-HEX) were selected, 
auto-exposure was confirmed, and the data collection run was started. 
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Genotype Calls Using Fluidigm® Software 
 
 
 Using the Fluidigm® Genotyping Analysis Software, each IFC chip was 
processed individually.  After sample and assay information for the chip was 
input into the software, the fluorescence data were analyzed and grouped into 
color-coded scatter plots using the Auto-Call Analysis feature (with default 
settings for Confidence Threshold (65) and Data Normalization Method (NTC 
Normalization), but ensuring the box next to “Analyze with Assay Reference 
Library” is checked).  The scatter plot data for each SNP was compared against 
our known Assay Reference Library, which was created by saving information 
from tightly clustered SNPs gathered from multiple chip runs with outliers 
removed, and genotype calls were made.  After Auto-Call Analysis, each SNP 
scatter plot was inspected to ensure the genotype calls made by the computer 
matched the clustering of the data points.  Occasionally manual calls were made 
that overrode the calls made by the computer (see Figure 1) – for example, a 
sample that the software called a “no-call” clustered very closely to other 
samples that did have a genotype call made and was thus changed manually to 
correspond to the calls made in the nearby cluster.  Also, outliers were removed 
by clicking “Invalid.”  After the scatter plot for each SNP was checked and 
manual calls were made, the data was exported as a .csv file to be opened in 
Microsoft® Excel 2007 for further processing before use in parentage 
determination software. 
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Figure 1. Examples of changes made manually to calls after Auto-Call Analysis 
was performed in the Fluidigm® Genotyping Analysis Software.  These panels 
show examples of the genotype calls made by the software being changed 
manually during inspection after analysis.  In panel a1, there are three distinct 
clusters of calls, yet two clusters received the same XY (blue) call.  In a2, the 
group in the circle has been changed manually to YY (green) to override the 
auto-call by the software.  In b1, the circled YY (green) calls are not grouped 
close enough to the main YY cluster and are instead floating in “no-man’s-land” 
between the YY and XY groups.   In b2, the calls in the circle have been 
manually changed to “no-call”.  Panel c1 shows a circled automatic no-call that is 
clustering very close to the XY group.  In c2, the no-call has been changed 
manually to XY (blue).  Rectangles in all panels indicate outliers that were 
marked “invalid” (orange). 
 
 
Preparation of Genotyping File 
 
 
 Using Excel macros created in house, the exported .csv file from the 
Fluidigm® software was reorganized to fit the layout required by the downstream 
parentage determination software programs (CERVUS 3.0 and SireMatch 2.0).  
The use of macros allowed the conversion process to take just a few minutes 
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max, compared to the half hour or more of repetitive cut, copy, and paste steps 
needed to perform the reorganization manually for each run.  The process was 
broken into multiple steps to allow for checks to be made along the way and for 
ease of recording the macros directly in Excel.  Microsoft® Visual Basic code for 
these macros can be found in Appendix A.  A brief explanation of each step 
follows. 
First, using macro “copy,” a copy of the .csv file is made so the original file 
is never altered during the converting process.  Another copy is made, this time 
just to a new worksheet within the new book using the “copy2” macro.  (It is 
useful to have each step in a separate worksheet in case an error occurs and the 
process needs to be repeated.)  Macro “remove” deletes all the information that 
is unnecessary for CERVUS 3.0, leaving only assay (SNP) names, sample 
names, and genotype calls.  Next is the “transpose” step, where the information 
is oriented with the assay names in separate columns across the top row and 
sample names in the first column going down, one sample per row.  The 
genotypes for each sample continue on the same row, one per column, 
corresponding to the assays listed at the top.  The “no call” macro finds any 
genotypes that were called “No Call” in the Fluidigm® software and converts 
those cells to “?:?”.   
The next steps add a blank column between each assay column (using 
macro “columns”) to allow for each allele to appear in a separate cell (using 
macro “split”) rather than in the same cell in the X:Y format as it was previously.  
Macro “loci” simply copies the name of each SNP in the top row and pastes it into 
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the blank cell next to it which was created two steps previously.  An “x” or “y” are 
placed at the end of each assay name to distinguish between the two alleles 
using macro “alleles.”  The columns that are blank due to having no assay run in 
them are removed using macro “no assay,” and the non-template control cells 
are deleted using the macro “ntc.”   
Finally, macro “csv” saves the final genotyping file in .csv format.  After 
manually deleting the rows that were left blank due to removal of the ntc cells 
(these rows vary depending on where the non-template controls were loaded on 
the chip, and therefore can’t be deleted automatically using a macro) the 
genotyping file is complete and ready to be used for parentage determination. 
 
Parentage Determination 
 
 
Genotype results for each sample group were processed as follows using 
CERVUS 3.0 (Tristan Marshall, Field Genetics, Ltd.) (Kalinowski et al. 2007) and 
SireMatch 2.0 software (E John Pollak, USDA) to identify sire and/or dam calls 
for each offspring. 
 
Software: CERVUS 3.0 
 The first program used to determine parentage calls was CERVUS 3.0.  It 
is available online (at http://www.fieldgenetics.com) and is free for academic 
purposes or can be licensed for commercial use.  CERVUS 3.0 is a likelihood 
based parentage determination program as described previously (see Review of 
Literature).  It uses the genotyping file created in Excel from the genotype calls 
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made by the Fluidigm® software to perform a variety of analyses, including allele 
frequency analysis, simulation of parentage analysis, and parentage analysis. 
 
Allele Frequency Analysis 
 
 Allele frequency analysis is done first to calculate the frequencies of every 
allele at each locus in the tested population.  It also computes a host of summary 
statistics including Hardy-Weinberg equilibrium tests, percentages of null alleles, 
non-exclusion probabilities, and observed and expected heterozygosities.  These 
numbers are helpful for determining whether or not the loci chosen in a panel are 
suitable for continuing on with downstream analysis. 
 To run the Allele Frequency Analysis in CERVUS 3.0, a genotyping file 
specific to the ranch, dairy or group of animals being analyzed was selected as 
the input file.  The boxes next to the ‘Header row’ and ‘Read locus names’ 
options were selected.  Next to ‘First allele in column’ the number 2 was chosen, 
and next to ‘Number of loci’ the number 88 was selected (for initial USDA panel 
screening; later, when testing the reduced panel, the number was changed to 
reflect the number of SNPs in the panel).  A ‘Summary output file’ (file type .txt) 
name was chosen, which was also automatically used for the Allele frequency 
data file (an .alf file type used by CERVUS 3.0), and a location was specified for 
their saving.  All ‘Output options’ (Hardy-Weinberg test and null allele frequency 
estimation) were selected and/or left at default settings.  Computing of allele 
frequency analysis information occurred in less than one second. 
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Simulation of Parentage Analysis 
 
 CERVUS 3.0 performs a simulation of parentage analysis using the allele 
frequencies of a set of co-dominant SNP loci in order to estimate their resolving 
power.  This simulation is also used by CERVUS 3.0 to allow the confidence of 
the parentage assignments made using the parentage analysis module (see 
below) to be evaluated statistically by estimating the critical values of the log-
likelihood statistics LOD or Δ (see Review of Literature for more details about the 
calculations involved). 
 First, the specific type of simulation, corresponding to the type of 
parentage analysis that was to be performed, was chosen: ‘Maternity’, ‘Paternity’, 
‘Parent Pair (Sexes Known)’, or ‘Parent Pair (Sexes Unknown)’.  Then the allele 
frequency file (.alf format) of interest was selected in the input file field. 
The simulated genotypes parameters were adjusted as follows: ‘Offspring’ 
was set to 100,000; ‘Candidate parents’ (mothers and fathers separately) varied 
according to group of animals tested and included all adults known to be or 
thought to be present at the time of breeding, whether or not they were sampled; 
‘Prop. sampled’ referred to the proportion of the candidate parents that were 
sampled (calculated as number of animals sampled divided by total number of 
possible candidate parents, above) and also varied between groups of animals 
analyzed; ‘Prop. loci typed’ was calculated by CERVUS 3.0 during the allele 
frequency module and the result was auto-filled by default upon selection of that 
allele frequency file in the input section of the simulation module; ‘Prop. loci 
mistyped’, CERVUS’s way of allowing for typing error during likelihood 
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calculations, was used at the default value of 0.01; ‘Minimum typed loci’ was set 
to 1. 
Output files (Summary output file (.txt) and Simulation data file (.sim)) 
were given names and a location to be saved to.  Confidence was calculated 
using CERVUS’s statistic Δ.  Confidence levels were left at default of ‘Relaxed’ at 
80% and ‘Strict’ at 95%.  By clicking on the ‘Options’ button followed by the 
‘Distributions’ tab the ‘Generate table of Delta scores and confidence values’ box 
was selected and the ‘Minimum Delta’ and ‘Maximum Delta’ values were 
changed to -50 and 50, respectively, to allow for complete coverage of Δ scores 
to be shown in the confidence table for each simulation. 
Clicking ‘OK’ started the simulation module running.  Depending on 
number of candidate parents being analyzed, simulation took anywhere from a 
few minutes to over an hour.  In cases where simulation took a long time, the 
number of offspring being simulated could be reduced from 100,000 to 50,000 or 
10,000 (but was never set lower than 10,000). 
 
Parentage Analysis 
Next, using the Parentage Wizard, parentage analysis was carried out.  
First, an offspring file was chosen.  Offspring files were created by listing the 
sample ID name of each animal that was to be considered an offspring in a 
single column on an excel sheet and saving it in the .csv format.  (Likewise, dam 
and sire files were created the same way.)  If a header row was included 
(sometimes it was and sometimes it was not) in the offspring file, the box next to 
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‘Includes header row’ in the wizard was marked.  Whichever column the offspring 
ID was located on the offspring file was indicated next to the ‘Offspring ID in 
column’ box. 
Step two of the wizard loaded the dam file (for Maternity Analysis), the sire 
file (for Paternity Analysis) or both parent files (for Parentage Analysis (Sexes 
Known)).  (All animals in our study were of known sex, so Parentage Analysis 
(Sexes Unknown) was never used.)  Under ‘Candidate parent IDs appear as’ 
‘One column for all offspring’ was chosen.  The next step in the Parentage 
Wizard was selection of the genotyping file.  The ‘Header row’ box was checked 
and next to ‘ID in column’ the number 1 was selected.  Next to ‘First allele in 
column’ the number 2 was picked.  Step four was to choose the allele frequency 
file (.alf version) and simulation file (.sim) that were previously created. 
Finally, output file names and saving locations were entered for the 
‘Summary output file’ (.txt) and the ‘Parentage data file’ (.csv).  Options for the 
output were chosen depending on how many results were needed for inspection; 
typically the ‘All parents’ or ‘The two most-likely parents’ choices were chosen 
under ‘For each offspring include’.  Results were sorted by Joint LOD score 
(default).  Also, the box next to ‘Include non-exclusion probabilities’ was checked.  
Once all five steps of the wizard were complete, the ‘OK’ box was clicked and 
Parentage Analysis was initiated.  Analysis was usually completed by the 
program in less than one minute. 
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Software: SireMatch 2.0 
 
 SireMatch 2.0 software was obtained by contacting E. John Pollak, 
director of the U.S. Meat Animal Research Center, Agricultural Research 
Service, U.S. Department of Agriculture, via email.  He provided the software, a 
sample file, and a few brief instructions on how to use the program, but no true 
technical support or help manual was available. 
 Starting with the genotyping file for a ranch or dairy created as described 
above, a few modifications were made for use in the SireMatch 2.0 program.  A 
column was added to the left of all columns with a heading of ‘S/D/C’ which stood 
for ‘Sire/Dam/Calf’.  Next to each sample ID, an S was placed next to the 
potential sires, a D next to the potential dams, and a C next to the offspring.  
Since SireMatch 2.0 can only perform analysis for one potential parent at a time, 
two separate runs had to be made for groups needing paternity and maternity 
analysis.  To perform maternity analysis, the S and D notations were simply 
switched to “trick” SireMatch 2.0 into computing parentage analysis for the dams.  
It was important to remember that although the program called these dams 
“sires”, they were in fact the females being tested for maternity analysis.  Once 
the S/D/C notation was added to the genotyping file, it was saved in .xlsx format. 
 The genotyping file was opened in SireMatch 2.0 and settings on the 
opening screen were changed as follows: ‘One header row’ was selected; all 
columns were set to ‘Marker’ using the button provided; the first column heading 
was changed to ‘S/D/C’ and the second column heading was changed to ID (all 
other columns remained ‘Marker’); ‘Misread or missing marker data’ was 
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identified as ‘?’.  On the next screen, all markers were identified as SNPs by 
clicking the ‘All SNPs’ button.  Clicking ‘Next’ caused the allele frequencies to be 
calculated.  On the next screen, the option for exclusions was set to 1 and 
toggled on, as was the option for allowing exclusion error. 
Finally, the results were seen.  The ‘Most Likely Sire’ report was used to 
determine which animals were assigned parentage to the calves.  Also useful 
was the ‘Exclusions’ report which showed a grid of calves down one side and 
potential parents across the top, with the number of exclusions between each 
pairing in the body of the table.  SireMatch 2.0 parentage analysis took just a few 
minutes from opening the program to saving the results. 
 
Removal of SNPs from Original Panel 
 
 
Using Fludigim®, CERVUS 3.0, and SireMatch 2.0 software as described 
above, the performance of each SNP was analyzed to determine which SNPs 
could be removed from the current panel to form a “new and improved” marker 
panel.  SNPs that consistently did not cluster well from run to run as shown on 
scatter plots in the Fluidigm® software were noted (see Figure 2).  Also flagged 
were SNPs that fell above or below certain thresholds in the allele frequency 
analysis performed by CERVUS 3.0, as explained below. 
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Figure 2. SNPs that did not cluster well in the Fluidigm® software.  Panels a-c 
show badly clustered plots where groups overlap or are very diffuse.  SNPs like 
these, that consistently clustered badly, were noted as “problems”.  In contrast, 
panels d-f show tightly grouped and distinct clusters.  These are shown as 
examples of “good” SNPs. 
 
SNPs with low expected heterozygosities (<0.3) were highlighted blue 
(just for ease in identifying potential SNPs to be removed) in an allele frequency 
summary file compiled in Excel (see Appendix B for an example).  Expected 
heterozygosity is used to estimate the number of heterozygotes that are in a 
population based on the frequencies of the alleles tested.  Simply, it is calculated 
by taking the sum of the squared allele frequencies of a locus and subtracting it 
from one (McDonald 2008).  The maximum expected heterozygosity that can be 
achieved with a biallelic system like SNPs is 0.5.  The higher the expected 
heterozygosity levels of the SNPs in a panel, the fewer loci are needed for 
parentage discrimination.  It has been stated that by selecting high 
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heterozygosity loci (close to 0.5), the greatest statistical power for parentage 
analysis will be achieved (Morin et al. 2004). 
Loci that deviated significantly from Hardy-Weinberg equilibrium or did not 
have the Hardy-Weinberg test performed by CERVUS 3.0 were highlighted red.  
Because likelihood calculations assume that loci are in Hardy-Weinberg 
equilibrium (Marshall 2007), taking note of how many and which loci were not in 
equilibrium was a place to start in looking for SNPs to remove from the panel. 
Next, the estimated null allele frequencies were examined.  Any allele that 
cannot be detected by the genotyping assay for that particular locus is 
considered a null allele (Marshall 2007).  If a SNP’s expected null allele 
frequency was greater than 0.05, it was highlighted yellow. 
Finally, the minor allele frequency (MAF), which is calculated by dividing 
the number of occurrences of an allele by the total number of alleles, was 
checked.  As discussed in the Review of Literature, using SNPs with higher 
minor allele frequencies allows for fewer SNPs to be needed in the panel while 
maintaining the same resolving power.  Allele frequencies of less than 0.3 were 
highlighted dark green, and those between 0.3 and 0.4 were highlighted light 
green. 
The panel was incrementally reduced according to the guidelines outlined 
above by marking an ‘x’ on a spreadsheet for each criteria that was highlighted 
above (see Appendix C).  (It is important to note that while allele frequency had 
two different colored highlights, only the dark green (MAF less than 0.3) were 
counted as “strikes” here.)  A total of all x’s or “strikes” was tallied for each locus.  
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Loci with 10 or more strikes were removed from the panel to create a new panel 
for testing.  From the new reduced panel, loci with 8-9 strikes were removed to 
create another reduced panel.  Panel reduction continued by removing from each 
preceding panel loci that had 6-7 strikes, 5 strikes, 4 strikes, 3 strikes, 2 strikes, 
and 1 strike, for a total of 8 new testing panels.  The final testing panel contained 
7 SNPs which had zero strikes. 
 
Testing of Reduced Panels 
 
All animals were again run through CERVUS 3.0 and SireMatch 2.0 using 
each reduced panel to determine if the parentage calls and confidence levels 
changed upon removal of the SNPs.  Each call for the original 88-SNP panel and 
the eight new reduced-number panels was scored according to how the call 
matched to a) the key provided by the farm (when available), and/or b) to the call 
made by the original panel (when a key was not available for a herd).  Two 
different scores were made for each call based on two separate confidence level 
cut-offs (99% and 95% confidence) that were chosen by the researchers to test.  
These confidence scores were generated by the software programs as described 
previously in the Review of Literature.   
Scoring was as follows: a match (defined as the same call made by the 
reduced panel and the key (when available) or by the reduced panel and the 
original 88-SNP panel (“no key” animals), and with a confidence score above the 
chosen threshold) was given a score of “1”.  Any calls that did not match or were 
below the specified confidence threshold were scored as “0”.  Match totals were 
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calculated and were recorded in a table along with the total number of calves 
tested in the herd among other identifying data (see Table 3).  This table was 
then used as the input for the statistical analysis to be run in SAS®. 
 
Statistical Analysis 
 
The data for each herd (including farm type (ie. ranch or dairy), sex of 
parent, calling software used, confidence level chosen, panel, and proportion of 
match score) was statistically analyzed using PROC GLIMMIX in SAS® version 
9.3 using the code found in Appendix D. 
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Table 3. Example of data collected for each herd before statistical analysis 
 
Farm Sex Call Confidence Panel Herd Score_N Score_Sum 
D F S 95 7 G 115 0 
D F S 95 18 G 115 2 
D F S 95 35 G 115 56 
D F S 95 47 G 115 78 
D F S 95 54 G 115 94 
D F S 95 63 G 115 97 
D F S 95 71 G 115 100 
D F S 95 78 G 115 100 
D F S 95 88 G 115 99 
D F S 99 7 G 115 0 
D F S 99 18 G 115 1 
D F S 99 35 G 115 40 
D F S 99 47 G 115 73 
D F S 99 54 G 115 88 
D F S 99 63 G 115 96 
D F S 99 71 G 115 100 
D F S 99 78 G 115 100 
D F S 99 88 G 115 99 
D F C 95 7 G 115 0 
D F C 95 18 G 115 2 
D F C 95 35 G 115 70 
D F C 95 47 G 115 91 
D F C 95 54 G 115 96 
D F C 95 63 G 115 99 
D F C 95 71 G 115 99 
D F C 95 78 G 115 99 
D F C 95 88 G 115 99 
D F C 99 18 G 115 0 
D F C 99 35 G 115 35 
D F C 99 47 G 115 74 
D F C 99 54 G 115 93 
D F C 99 63 G 115 99 
D F C 99 71 G 115 99 
D F C 99 78 G 115 99 
D F C 99 88 G 115 99 
Data shown in this table is for “Herd G”, a dairy (Farm type = D) with female 
parentage being tested.  Score_N refers to the total number of calves tested in 
the herd.  Score_Sum is the number of parental matches that were made with 
the specified panel, confidence level, and calling software (Call) combinations. 
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CHAPTER III 
 
RESULTS AND CONCLUSIONS 
 
 
A total of 3660 animals consisting of cattle from six ranches and three 
dairies in Northern Utah, Southern Idaho, and Southwestern Wyoming were 
sampled and tested as described in the Materials and Methods section.  This 
total was made up of 211 bulls, 1637 cows, and 1796 offspring, plus 16 females 
that were considered both dams and calves in separate analyses (see Table 4 
for details). 
 
Table 4. Cattle numbers breakdown 
 
 Dairies Ranches Total 
Bulls 11 200 211 
Cows 147 1490 1637 
Offspring 199 1597 1796 
Total 3731 3287 3660 
1total includes 16 females that were considered both dams and calves in 
separate analyses due to multigenerational sample populations (contained 4 
generations) 
 
 
Nine total SNP panels (including the original 88-SNP panel) were 
analyzed for confidence and accuracy.  Table 5 shows the original SNPs 
included in the 88-SNP panel from Fluidigm®.  Table 6 shows the SNPs that were 
removed from each preceding panel to create panels with 78, 71, 63, 54, 47, 35, 
18, and 7 loci. 
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Table 5. GenBank® accession numbers for the SNPs included in the original 88-
SNP panel from Fluidigm® 
 
 
 
 
 
 
 
 
 
 
 
 
EF034080 AY856094 AY841151 DQ786763 
DQ470475 AY939849 DQ468384 DQ888310 
DQ995977 DQ404153 DQ786761 DQ381152 
AY844963 DQ846693 EF150946 EF164803 
DQ995976 EF093510 EF089234 DQ984828 
EF093511 AY842473 EF093512 DQ435443 
AY860426 DQ888311 DQ846690 DQ990835 
EF026087 EF034085 AY776154 DQ489377 
AY851162 AY850194 DQ500958 DQ786758 
AY863214 AY943841 AY941204 DQ888313 
DQ837643 DQ647188 DQ650635 DQ422949 
AY853302 EF034083 DQ832700 DQ846692 
DQ984825 EF042090 EF028073 DQ916058 
DQ647186 DQ846695 AY842472 AY929334 
EF042091 AY942198 DQ404152 AY849381 
DQ404149 DQ837646 DQ404151 EF093509 
EF034086 AY851163 DQ647190 DQ786759 
DQ990833 DQ674265 DQ866818 DQ846689 
DQ846691 DQ789028 AY914316 DQ984827 
AY842474 AY916666 DQ381153 AY857620 
DQ451555 DQ404150 DQ866817 DQ888309 
DQ916059 DQ786757 AY919868 AY761135 
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Table 6. List of GenBank® accession numbers for SNPs removed from previous 
panel to create new reduced panel 
 
78 loci 71 loci 63 loci 54 loci 47 loci 35 loci 18 loci 7 loci 
AY860426 DQ916059 DQ995977 DQ995976 EF034080 EF042091 DQ470475 EF093511 
AY863214 DQ888311 AY844963 DQ837643 AY851162 DQ451555 AY853302 DQ984825 
DQ647186 DQ846695 DQ846693 DQ404149 AY943841 AY939849 DQ990833 DQ404150 
DQ846691 DQ846690 DQ435443 EF034086 AY942198 DQ837646 AY842474 AY941204 
DQ404153 DQ404151 DQ984828 DQ786757 DQ650635 DQ468384 AY842473 DQ404152 
EF093510 DQ647190 EF164803 AY841151 DQ866818 DQ786761 EF034085 DQ381153 
AY850194 DQ888309 AY929334 AY842472 DQ846689 EF150946 DQ647188 AY914316 
EF034083 
 
DQ984827 DQ381152 
 
EF089234 DQ789028 DQ846692 
DQ786758 
  
AY849381 
 
DQ888310 AY916666 DQ888313 
EF093509 
    
DQ786763 DQ500958 DQ990835 
     
DQ786759 EF093512 AY857620 
     
DQ916058 DQ832700 
 
      
AY919868 
 
      
DQ866817 
 
      
DQ422949 
 
      
DQ489377 
 
      
AY761135 
 
SNPs in the the ‘78 loci’ column were removed from the original 88-SNP panel as 
listed in Table 5 to create a new panel containing 78 SNPs.  SNPs in each 
subsequent column were removed from the panel before it to further reduce 
panel size until the final panel for testing contained 7 SNPs. 
 
Results from SAS® 
 
Key Data 
 
 According to the SAS® calculations derived from PROC GLIMMIX, a 
number of conclusions were drawn.  First, for the calves of known parentage, 
meaning a key was available from the farm to identify known calf/dam, calf/sire 
and calf/dam/sire groupings, the significant factors and interactions of factors 
59 
 
 
 
were panel, calling software, confidence level, sex of parent, farm type*calling 
software, panel*calling software, farm type*confidence level, panel*confidence 
level, calling software*confidence level, farm type*sex of parent, and panel*sex of 
parent.  Further analytical focus was placed only on these significant factors and 
interactions (see Table 7). 
The two-way interactions between confidence level and panel, calling 
software and panel, and sex of parent and panel showed similar findings as far 
as panel level is concerned.  For each interaction with each level of panel, the 
differences between the  probabilities of matching the key for a lesser-number 
SNP panel and the orignial 88-SNP panel remained non-significant until the 47-
SNP panel.   Even those combinations where a lesser-number panel had a 
slightly higher probability of matching the key than did the 88-panel, the 
differences were not significant.  For example, for the sex of parent*panel 
interaction, with females, the 71-SNP panel showed a higher probability of 
matching the key (0.9746) than did either the 88- (0.9350) or the 78- (0.9479) 
SNP panels.  However, the differences in these probabilities did not become 
significant until compared with the 47-SNP panel (p = 0.0207).  These results are 
summarized in Tables 8, 9, and 10.  The panel-only table (Table E1) found in 
Appendix E further confirms this finding. 
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Table 7. Type III Tests of Fixed Effects Table output from SAS® showing 
significant factors and interactions for data with a key 
 
Type III Tests of Fixed Effects 
Effect 
Num 
DF 
Den 
DF 
F Value Pr > F 
Farm 1 4 1.92 0.2377 
Panel 8 32 33.88 <.0001 
Farm*Panel 8 201 1.90 0.0618 
Call 1 201 4.25 0.0406 
Farm*Call 1 201 18.57 <.0001 
Panel*Call 8 201 3.99 0.0002 
Confidence 1 201 9.45 0.0024 
Farm*Confidence 1 201 14.06 0.0002 
Panel*Confidence 8 201 8.84 <.0001 
Call*Confidence 1 201 50.02 <.0001 
Sex 1 201 39.89 <.0001 
Farm*Sex 1 201 76.20 <.0001 
Panel*Sex 8 201 2.24 0.0262 
Sex*Call 1 201 15.32 0.0001 
Sex*Confidence 1 201 0.23 0.6294 
Num DF = degrees of freedom of the numerator, Den DF = degrees of freedom 
of the denominator; F Value = F statistic, Pr>F = two-tailed significance 
probability 
 
Looking at the comparisons between the above mentioned factor levels at 
each level of panel revealed a few significant interactions.  For confidence (see 
Table 8), it was found that the 63-, 54-, 47-, and 35-SNP panels each differed 
significantly between the 99% and the 95% confidence levels (p = 0.0115, p = 
0.0002, p < 0.0001 and p < 0.0001, respectively), with the 95% confidence level 
performing better (that is, having a higher probability of matching the key) than 
the 99% confidence level. 
 
61 
 
 
 
Table 8. Summary of Panel probabilities for the Confidence Level*Panel 
interaction for data with a key 
  
Confidence Panel 
Prob. of 
Matching Key 
88 v 
lower 
99 v 95 
99 88 0.9637 a  
99 78 0.9667 a  
99 71 0.9564 a  
99 63 0.9061 a * 
99 54 0.8293 a * 
99 47 0.7055 b * 
99 35 0.3447 b * 
99 18 0.05395 b  
99 7 0.01978 b  
95 88 0.9639 c  
95 78 0.9682 c  
95 71 0.9607 c  
95 63 0.9258 c * 
95 54 0.8749 c * 
95 47 0.7920 d * 
95 35 0.5377 d * 
95 18 0.06737 d  
95 7 0.01824 d  
Confidence = Confidence Level, 99 = 99%, 95 = 95%.  Letters in the ‘88 v lower’ 
column indicate significance within like-shaded groupings; for example, for the 
99% confidence level, all a’s are not significantly different from the 88-SNP 
panel, but the b’s do differ significantly from the 88-SNP panel; note that lettered 
comparisons were only made within confidence level groups, not between them.  
Asterisks in the ‘99 v 95’ column indicate significant differences between 
confidence levels for the specified panels; for example the difference in 
probability of matching the key at the 63-SNP panel between the 99% and 95% 
confidence levels is significant, with the 95% confidence performing better. 
 
The calling software*panel interaction showed something similar (see 
Table 9).  At the 71-, 63-, 54-, 47-, and 35-SNP panels, there was a significant 
difference (p = 0.0320, p = 0.0270, p = 0.0011, p = 0.0044 and p < 0.0001, 
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respectively) between CERVUS 3.0 and SireMatch 2.0 for probability of matching 
the key.  For each of these differences, SireMatch 2.0 performed better (had a 
higher probability of matching the key) than did CERVUS 3.0. 
With the sex of parent*panel interaction, only the 47- and 35-SNP panels 
were not significantly different from each other when comparing male versus 
female parentage (see Table 10).  Males had a significantly higher probability of 
matching the key than did females at the 88- (p = 0.0021), 78- (p = 0.0134), 63- 
(p = 0.0077), 54- (p = 0.0052), 18- (p = 0.0043) and 7- (p = 0.0005) SNP panels.  
Females performed better than males only at the 71-SNP panel (p = 0.0115). 
The calling software*sex of parent interaction showed that within a calling 
software level, males performed significantly better than females (for CERVUS 
3.0, p = 0.0002; for SireMatch 2.0, p < 0.0001).  Within a sex level, SireMatch 2.0 
consistently had a significantly higher probability of matching the key than did 
CERVUS 3.0 (female parents, p = 0.0025; male parents, p = 0.0020) (see Table 
11).   
The farm type*sex of parent interaction showed that for beef cattle, male 
parents performed significantly better than females (p < 0.0001).  The opposite 
was true in dairies, where females had a significantly higher probability of 
matching the key (p = 0.0021).  The difference between probabilities of matching 
the key between beef and dairy cattle was significant for males (p = 0.0082), with 
beef cattle higher than dairy.  The similar female comparison was non-significant.  
See Table 12 for results.  See also Table E2 in Appendix E for additional 
supporting data regarding Sex of Parent. 
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Table 9. Summary of Panel probabilities for the Calling Software*Panel 
interaction for data with a key 
 
Call Panel 
Prob. of 
Matching Key 
88 v 
lower 
C v S 
C 88 0.9643 a  
C 78 0.9656 a  
C 71 0.9541 a * 
C 63 0.9075 a * 
C 54 0.8321 a * 
C 47 0.7231 b * 
C 35 0.3776 b * 
C 18 0.05884 b  
C 7 0.02121 b  
S 88 0.9632 c  
S 78 0.9693 c  
S 71 0.9627 c * 
S 63 0.9246 c * 
S 54 0.8728 c * 
S 47 0.7774 d * 
S 35 0.5021 d * 
S 18 0.06181 d  
S 7 0.01702 d  
Call = Calling Software, C = CERVUS 3.0, S = SireMatch 2.0. Letters in the ‘88 v 
lower’ column indicate significance within like-shaded groupings; for example, for 
CERVUS 3.0, all a’s are not significantly different from the 88-SNP panel, but the 
b’s do differ significantly from the 88-SNP panel; note that lettered comparisons 
were only made within calling software groups, not between them.  Asterisks in 
the ‘C v S’ column indicate significant differences between calling software 
programs for the specified panels; for example the difference in probability of 
matching the key at the 71-SNP panel between CERVUS 3.0 and SireMatch 2.0 
is significant, with SireMatch 2.0 performing better. 
 
 
 
 
 
 
 
64 
 
 
 
Table 10. Summary of Panel probabilities for the Sex of Parent*Panel interaction 
for data with a key 
 
Sex Panel 
Prob. of 
Matching Key 
88 v 
lower 
M v F 
M 88 0.9801 a * 
M 78 0.9799 a * 
M 71 0.9479 a * 
M 63 0.9487 a * 
M 54 0.9068 a * 
M 47 0.8035 b  
M 35 0.4393 b  
M 18 0.09320 b * 
M 7 0.06666 b * 
F 88 0.9350 c * 
F 78 0.9479 c * 
F 71 0.9746 c * 
F 63 0.8667 c * 
F 54 0.7774 c * 
F 47 0.6904 d  
F 35 0.4385 d  
F 18 0.03853 d * 
F 7 0.005224 d * 
Sex = Sex of Parent, M = Male, F = Female. Letters in the ‘88 v lower’ column 
indicate significance within like-shaded groupings; for example, for males, all a’s 
are not significantly different from the 88-SNP panel, but the b’s do differ 
significantly from the 88-SNP panel; note that lettered comparisons were only 
made within sex of parent groups, not between them.  Asterisks in the ‘M v F’ 
column indicate significant differences between parent sexes for the specified 
panels; for example the difference in probability of matching the key between 
males and females is significant at the 88-SNP panel, with males performing 
better. 
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Table 11. Summary of probabilities for the Calling Software*Sex of Parent 
interaction for data with a key 
 
Call Sex 
Prob. of 
Matching Key 
M v F C v S 
C M 0.7664 a * 
C F 0.6125 b ^ 
S M 0.8419 c * 
S F 0.5748 d ^ 
Call = Calling Software, Sex = Sex of Parent, M = Male, F = Female, C = 
CERVUS 3.0, S = SireMatch 2.0.  Letters in the ‘M v F’ column indicate 
significance within like-shaded groupings; for example, for CERVUS 3.0, males 
and females are significantly different and thus have different letters; note that 
lettered comparisons were only made within calling software groups, not between 
them.  Symbols in the ‘C v S’ column indicate significant differences between 
calling software programs for the specified sex of parent; for example the 
difference in probabilities of matching the key for males with CERVUS 3.0 
compared to SireMatch 2.0 is significant, as denoted by the asterisks, with 
SireMatch performing better. 
 
 
Table 12. Summary of probabilities for the Farm Type*Sex of Parent interaction 
for data with a key 
 
Farm Sex 
Prob. of 
Matching Key 
M v F B v D 
B M 0.9523 a * 
B F 0.5984 b  
D M 0.4667 c * 
D F 0.5892 d  
Farm = Farm Type, Sex = Sex of Parent, M = Male, F = Female, B = Beef Cattle, 
D = Dairy Cattle.  Letters in the ‘M v F’ column indicate significance within like-
shaded groupings; for example, for beef cattle, males and females are 
significantly different and thus have different letters; note that lettered 
comparisons were only made within farm type groups, not between them.  
Symbols in the ‘B v D’ column indicate significant differences between farm types 
for the specified sex of parent; for example the difference in probabilities of 
matching the key for males of beef breeds compared to dairy breeds is 
significant, as denoted by the asterisks, with beef cattle performing better. 
 
66 
 
 
 
 The calling software*confidence level interaction was also significant.  
Investigation into this combination showed that for CERVUS 3.0, the difference 
between the 99% and 95% confidence levels was significant (p < 0.0001), with 
the 95% level having a higher probability of matching the key.  Within SireMatch 
2.0, this difference was not significant.  Comparing the two software programs at 
each confidence level showed that at the 99% confidence level, SireMatch 2.0 
performed significantly better than CERVUS 3.0 (p = 0.0002).  At the 95% 
confidence level, this comparison was non-significant.  See Table 13 for details. 
 
Table 13. Summary of probabilities for the Calling Software*Confidence Level 
interaction for data with a key 
 
Call Confidence 
Prob. of 
Matching Key 
99 v 95 C v S 
C 99 0.6480 a * 
C 95 0.7380 b  
S 99 0.7222 c * 
S 95 0.7346 c  
Call = Calling Software, Confidence = Confidence Level, 99 = 99%, 95 = 95%, C 
= CERVUS 3.0, S = SireMatch 2.0.  Letters in the ‘99 v 95’ column indicate 
significance within like-shaded groupings; for example, for CERVUS 3.0, the 99% 
and 95% confidence levels are significantly different and thus have different 
letters; note that lettered comparisons were only made within farm type groups, 
not between them.  Symbols in the ‘C v S’ column indicate significant differences 
between software programs for the specified confidence level; for example the 
difference in probabilities of matching the key for the 99% confidence level 
between CERVUS 3.0 and SireMatch 2.0 is significant, as denoted by the 
asterisks, with SireMatch 2.0 performing better. 
 
 The farm type*confidence level interaction revealed that the only 
significant difference between probabilities of matching the key was for beef 
cattle comparing the 99% confidence level to the 95% confidence level (p < 
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0.0001), with the 95% confidence level performing better.  This same comparison 
within the dairy group was non-significant, as was any comparison between the 
two types of catte.  See Table 14.  See also Table E3 in Appendix E for 
additional confidence level data. 
 
Table 14.  Summary of probabilities for the Farm Type*Confidence Level 
interaction for data with a key 
 
Farm Confidence 
Prob. of 
Matching Key 
99 v 95 B v D 
B 99 0.8184 a  
B 95 0.8684 b  
D 99 0.5152 c  
D 95 0.5415 c  
Farm = Farm Type, Confidence = Confidence Level, 99 = 99%, 95 = 95%, B = 
Beef Cattle, D = Dairy Cattle.  Letters in the ‘99 v 95’ column indicate significance 
within like-shaded groupings; for example, for beef cattle, the 99% and 95% 
confidence levels are significantly different and thus have different letters; note 
that lettered comparisons were only made within farm type groups, not between 
them.  Symbols in the ‘B v D’ column indicate significant differences between 
farm types for the specified confidence level; none of these comparisons were 
significant, hence the blank boxes. 
 
 
 Finally, the farm type*calling software interaction was examined.  This 
showed that only the difference between probabilities for SireMatch 2.0 and 
CERVUS 3.0 within beef cattle were significant (p = 0.0003), with SireMatch 2.0 
having the higher probability of matching the key.  See Table 15 for details.  The 
same comparison within dairies was non-significant, as was any comparison 
between the two farm types.  See also Table E4 in Appendix E for further 
information regarding the factor calling software. 
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Table 15.  Summary of probabilities for the Farm Type*Calling Software 
interaction for data with a key 
 
Farm Call 
Prob. of 
Matching Key 
C v S B v D 
B C 0.8227 a  
B S 0.8650 b  
D C 0.5277 c  
D S 0.5291 c  
Farm = Farm Type, Call = Calling Software, C = CERVUS 3.0, S = SireMatch 
2.0, B = Beef Cattle, D = Dairy Cattle.  Letters in the ‘C v S’ column indicate 
significance within like-shaded groupings; for example, for beef cattle, CERVUS 
3.0 and SireMatch 2.0 are significantly different and thus have different letters; 
note that lettered comparisons were only made within farm type groups, not 
between them.  Symbols in the ‘B v D’ column indicate significant differences 
between farm types for the specified software program; none of these 
comparisons were significant, hence the blank boxes. 
 
 
No Key Data 
 
 Many of the animals that were used in this project came from herds with 
limited record-keeping and thus did not have a key for determining if the calls 
made by the software programs were indeed the “correct” calls.  Instead of 
discarding the valuable information that these animals could provide, another 
question was asked: How do the reduced panels compare to the original 88-SNP 
panel in calls made and confidence of those calls?  It was hypothesized that the 
calls made by the reduced panels would differ from the calls made by the original 
panel, though whether or not those calls were in fact the true parentage pairs in 
the first place would have to remain unknown.  Note that even animals that did 
have a key were included in this data set; they were just scored against the 88-
panel as if no key was provided.  The significant factors and interactions for the 
“No Key” data were panel, calling software, confidence level, farm type*calling 
69 
 
 
 
software, panel*calling software, farm type*confidence level, panel*confidence 
level, calling software*confidence level, farm type*sex of parent, panel*sex of 
parent, sex of parent*calling software, and sex of parent*confidence level (see 
Table 16). 
 
Table 16. Type III Tests of Fixed Effects Table output from SAS® showing 
significant factors and interactions for data without a key 
 
Type III Tests of Fixed Effects 
Effect 
Num 
DF 
Den 
DF 
F Value Pr > F 
Farm 1 7.032 0.22 0.6551 
Panel 7 38.45 156.53 <.0001 
Farm*Panel 7 36.89 1.83 0.1103 
Call 1 370 40.40 <.0001 
Farm*Call 1 370 30.16 <.0001 
Panel*Call 7 370 9.26 <.0001 
Confidence 1 370 31.03 <.0001 
Farm*Confidence 1 370 7.73 0.0057 
Panel*Confidence 7 370 4.81 <.0001 
Call*Confidence 1 370 163.51 <.0001 
Sex 1 69.1 2.69 0.1056 
Farm*Sex 1 56.81 82.36 <.0001 
Panel*Sex 7 34.72 4.70 0.0009 
Sex*Call 1 370 90.09 <.0001 
Sex*Confidence 1 370 67.06 <.0001 
Num DF = degrees of freedom of the numerator, Den DF = degrees of freedom 
of the denominator; F Value = F statistic, Pr>F = two-tailed significance 
probability 
  
 
The two-way interactions involving panel (with calling software, sex of 
parent, and confidence level) were examined first (see Tables 17-19).  All of 
these interactions consistently showed that the probabilities of matching the 88-
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SNP panel (now considered the key for scoring purposes) were highest for the 
78-SNP panel and steadily fell as the number of SNPs in the panels shrunk.  The 
sex of parent*panel interaction showed that for males, the differences between 
the probabilities of the 78-SNP panel and lesser panels became significant with 
the 47-SNP panel (p = 0.0095).  For females, the first significant difference 
between the 78-panel and lesser panels was with the 63-SNP panel (p = 0.0119).  
When comparing male parents to female parents at each panel level, only the 
18- and 7-SNP panels were significantly different from each other (p < 0.0001 
and p = 0.0179, respectively), with males performing better than females in both 
cases.  Table 17 summarizes these results. 
The confidence level*panel interaction showed that for both the 99% and 
95% confidence cut-offs, the 54-SNP panel had the first significant difference 
between probabilities for matching the 88-panel when compared to the 78-SNP 
panel (p < 0.0001 for both confidence levels).  The differences between 
confidence levels at each panel level were all significant, except for the 7-SNP 
panel, (78 SNPs, p = 0.0002; 71 SNPs, p = 0.0015; 63-35 SNPs, p < 0.0001; 18 
SNPs, p = 0.0036).  The 95% confidence level had the higher probability of 
matching the 88-SNP panel for each of these comparisons.  See Table 18. 
Looking at the calling software*panel interaction showed that for CERVUS 
3.0, the 63-SNP panel was significantly different (p = 0.0202) than the 78-SNP 
panel for probability of matching the 88-SNP panel calls.  For SireMatch 2.0, the 
54-SNP panel was the first to differ significantly from the 78-panel (p < 0.0001).  
Comparing the two software programs at each panel showed that the panels with 
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78, 71, 63, 54, and 47 SNPs differed significantly between calling software 
packages (p < 0.0001 for all panels), with CERVUS 3.0 outperforming SireMatch 
2.0 at each comparison.  See Table 19.  See also Table E5 in Appendix E for 
additional data involving the factor panel. 
 
Table 17. Summary of Panel probabilities for the Sex of Parent*Panel interaction 
for data without a key 
 
Sex Panel 
Prob. of Matching 
88-panel 
78 v 
lower 
M v F 
M 78 0.9300 a  
M 71 0.9049 a  
M 63 0.8730 a  
M 54 0.8085 a  
M 47 0.6853 b  
M 35 0.4263 b  
M 18 0.09864 b * 
M 7 0.01001 b * 
F 78 0.9621 c  
F 71 0.9429 c  
F 63 0.8959 d  
F 54 0.7891 d  
F 47 0.6569 d  
F 35 0.3230 d  
F 18 0.01681 d * 
F 7 0.001882 d * 
Sex = Sex of Parent, M = Male, F = Female. Letters in the ‘78 v lower’ column 
indicate significance within like-shaded groupings; for example, for males, all a’s 
are not significantly different from the 78-SNP panel, but the b’s do differ 
significantly from the 78-SNP panel; note that lettered comparisons were only 
made within sex of parent groups, not between them.  Asterisks in the ‘M v F’ 
column indicate significant differences between parent sexes for the specified 
panels; for example the difference in probability of matching the 88-panel 
between males and females is significant at the 18-SNP panel, with males 
performing better. 
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Table 18. Summary of Panel probabilities for the Confidence Level*Panel 
interaction for data without a key 
  
Confidence Panel 
Prob. of Matching 
88-panel 
78 v 
lower 
99 v 95 
99 78 0.9417 a * 
99 71 0.9184 a * 
99 63 0.8712 a * 
99 54 0.7730 b * 
99 47 0.6283 b * 
99 35 0.3095 b * 
99 18 0.03580 b * 
99 7 0.004381 b  
95 78 0.9543 c * 
95 71 0.9332 c * 
95 63 0.8973 c * 
95 54 0.8226 d * 
95 47 0.7114 d * 
95 35 0.4416 d * 
95 18 0.04798 d * 
95 7 0.004381 d  
Confidence = Confidence Level, 99 = 99%, 95 = 95%.  Letters in the ‘78 v lower’ 
column indicate significance within like-shaded groupings; for example, for the 
99% confidence level, all a’s are not significantly different from the 78-SNP 
panel, but the b’s do differ significantly from the 78-SNP panel; note that lettered 
comparisons were only made within confidence level groups, not between them.  
Asterisks in the ‘99 v 95’ column indicate significant differences between 
confidence levels for the specified panels; for example the difference in 
probability of matching the key at the 78-SNP panel between the 99% and 95% 
confidence levels is significant, with the 95% confidence performing better. 
  
 
Interactions involving sex of parent included confidence level*sex of 
parent.  These results are summarized in Table 20.  This interaction showed that 
at the 99% confidence level, the difference between probabilities of matching the 
88-panel for males and females was significant (p = 0.0155), with male parents 
performing better.  At the 95% confidence level, this comparison was not 
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significant.  Within male parents, the difference between confidence levels was 
also significant (p = 0.0479), with the 95% confidence level outperforming the 
99% confidence level.  Within female parents, probabilities at the 95% 
confidence level were significantly higher than 99% (p < 0.0001). 
 
Table 19. Summary of Panel probabilities for the Calling Software*Panel 
interaction for data without a key 
 
Call Panel 
Prob. of Matching 
88-panel 
78 v 
lower 
C v S 
C 78 0.9614 a * 
C 71 0.9419 a * 
C 63 0.9029 b * 
C 54 0.8260 b * 
C 47 0.7081 b * 
C 35 0.3800 b  
C 18 0.04541 b  
C 7 0.004761 b  
S 78 0.9312 c * 
S 71 0.9065 c * 
S 63 0.8641 c * 
S 54 0.7689 d * 
S 47 0.6321 d * 
S 35 0.3664 d  
S 18 0.03785 d  
S 7 0.003970 d  
Call = Calling Software, C = CERVUS 3.0, S = SireMatch 2.0. Letters in the ‘78 v 
lower’ column indicate significance within like-shaded groupings; for example, for 
CERVUS 3.0, all a’s are not significantly different from the 88-SNP panel, but the 
b’s do differ significantly from the 88-SNP panel; note that lettered comparisons 
were only made within calling software groups, not between them.  Asterisks in 
the ‘C v S’ column indicate significant differences between calling software 
programs for the specified panels; for example the difference in probability of 
matching the key at the 78-SNP panel between CERVUS 3.0 and SireMatch 2.0 
is significant, with CERVUS 3.0 performing better. 
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Table 20. Summary of probabilities for the Confidence Level*Sex of Parent 
interaction for data without a key 
 
Confidence Sex 
Prob. of Matching 
88-panel 
M v F 99 v 95 
99 M 0.5440 a * 
99 F 0.4148 b ^ 
95 M 0.5729 c * 
95 F 0.5284 c ^ 
Confidence = Confidence Level, Sex = Sex of Parent, M = Male, F = Female, 99 
= 99%, 95 = 95%.  Letters in the ‘M v F’ column indicate significance within like-
shaded groupings; for example, for 99% confidence, males and females are 
significantly different and thus have different letters; note that lettered 
comparisons were only made within confidence level groups, not between them.  
Symbols in the ’99 v 95’ column indicate significant differences between 
confidence levels for the specified sex of parent; for example the difference in 
probabilities of matching the key for males at 99% confidence compared to 95% 
confidence is significant, as denoted by the asterisks, with 95% performing 
better. 
 
 The farm type*sex of parent interaction revealed males had a significantly 
higher probability of matching the 88-panel within beef groups (p < 0.0001).  The 
opposite was true in dairies: female parents had significantly higher probabilities 
of matching (p = 0.0002).  No difference was found between the two farm types 
within a given sex of parent designation.  See Table 21. 
 The calling software*sex of parent interaction showed that for CERVUS 
3.0, males performed significantly better than females (p = 0.0102).  For 
SireMatch 2.0, comparison between sexes was not significant.  Within a sex 
level, CERVUS 3.0 consistently had a significantly higher probability of matching 
the key than did SireMatch 2.0 (female parents, p = 0.0113; male parents, p < 
0.0001) (see Table 22). 
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Table 21. Summary of probabilities for the Farm Type*Sex of Parent interaction 
for data without a key 
 
Farm Sex 
Prob. of Matching 
88-panel 
M v F B v D 
B M 0.7044 a  
B F 0.2044 b  
D M 0.4018 c  
D F 0.7555 d  
Farm = Farm Type, Sex = Sex of Parent, M = Male, F = Female, B = Beef Cattle, 
D = Dairy Cattle.  Letters in the ‘M v F’ column indicate significance within like-
shaded groupings; for example, for beef cattle, males and females are 
significantly different and thus have different letters; note that lettered 
comparisons were only made within farm type groups, not between them.  
Symbols in the ‘B v D’ column indicate significant differences between farm types 
for the specified sex of parent; none of these comparisons were significant, 
hence the blank boxes. 
 
 With the calling software*confidence level, it was discovered that for 
CERVUS 3.0, the 95% confidence level had significantly higher probability of 
matching the 88-panel than the 99% confidence level (p < 0.0001).  For 
SireMatch 2.0, comparison between confidence levels was not significant.  Within 
a confidence level, CERVUS 3.0 and SireMatch 2.0 significantly differed at the 
95% level (p < 0.0001), with CERVUS 3.0 performing better.  At 99% confidence, 
there was no difference between the two software packages.  See Table 23. 
Comparing the farm type*confidence level interaction (see Table 24) 
showed that the 95% confidence level consistently had significantly higher 
probabilities of matching the 88-SNP panel calls than did the 99% confidence 
cut-off within beef herds (p < 0.0001) and dairies (p = 0.0368).  Comparing the 
two farm types showed no significant difference at either confidence level.  See 
Table E6 in Appendix E for additional information regarding confidence level. 
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Table 22. Summary of probabilities for the Calling Software*Sex of Parent 
interaction for data without a key 
 
Call Sex 
Prob. of Matching 
88-panel 
M v F C v S 
C M 0.6221 a * 
C F 0.4877 b ^ 
S M 0.4930 c * 
S F 0.4548 c ^ 
Call = Calling Software, Sex = Sex of Parent, M = Male, F = Female, C = 
CERVUS 3.0, S = SireMatch 2.0.  Letters in the ‘M v F’ column indicate 
significance within like-shaded groupings; for example, for CERVUS 3.0, males 
and females are significantly different and thus have different letters; note that 
lettered comparisons were only made within calling software groups, not between 
them.  Symbols in the ‘C v S’ column indicate significant differences between 
calling software programs for the specified sex of parent; for example the 
difference in probabilities of matching the key for males with CERVUS 3.0 
compared to SireMatch 2.0 is significant, as denoted by the asterisks, with 
CERVUS 3.0 performing better. 
 
 
Table 23. Summary of probabilities for the Calling Software*Confidence Level 
interaction for data without a key 
 
Call Confidence 
Prob. of Matching 
88-panel 
99 v 95 C v S 
C 99 0.4893 a  
C 95 0.6206 b * 
S 99 0.4688 c  
S 95 0.4788 c * 
Call = Calling Software, Confidence = Confidence Level, 99 = 99%, 95 = 95%, C 
= CERVUS 3.0, S = SireMatch 2.0.  Letters in the ‘99 v 95’ column indicate 
significance within like-shaded groupings; for example, for CERVUS 3.0, the 99% 
and 95% confidence levels are significantly different and thus have different 
letters; note that lettered comparisons were only made within farm type groups, 
not between them.  Symbols in the ‘C v S’ column indicate significant differences 
between software programs for the specified confidence level; for example the 
difference in probabilities of matching the key for the 95% confidence level 
between CERVUS 3.0 and SireMatch 2.0 is significant, as denoted by the 
asterisks, with CERVUS 3.0 performing better. 
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Finally, the farm type*calling software interaction showed that within a 
farm type, probabilities for matching the 88-panel were significantly higher when 
CERVUS 3.0 was used (for beef animals, p = 0.0087; dairy, p < 0.0001).  The 
comparisons between farm types with each software program were not 
significant.  See Table 25; also see Table E7 in Appendix E for additional 
information about the factor calling software. 
 
Table 24. Summary of probabilities for the Farm Type*Confidence Level 
interaction for data without a key 
 
Farm Confidence 
Prob. of Matching 
88-panel 
99 v 95 B v D 
B 99 0.3904 a  
B 95 0.4887 b  
D 99 0.5690 c  
D 95 0.6113 d  
Farm = Farm Type, Confidence = Confidence Level, 99 = 99%, 95 = 95%, B = 
Beef Cattle, D = Dairy Cattle.  Letters in the ‘99 v 95’ column indicate significance 
within like-shaded groupings; for example, for beef cattle, the 99% and 95% 
confidence levels are significantly different and thus have different letters; note 
that lettered comparisons were only made within farm type groups, not between 
them.  Symbols in the ‘B v D’ column indicate significant differences between 
farm types for the specified confidence level; none of these comparisons were 
significant, hence the blank boxes. 
 
Conclusions 
 
 
 From first glance at the Key data we learned that the 78-SNP panel often 
had a higher probability of matching the key than the original 88-SNP panel from 
Fluidigm®.  Also noted was that the 71-SNP panel, while often having a slightly 
lower probability of match than the 78-SNP panel, was nearly identical to the 
original 88-panel.  This is an interesting finding because our hypothesis (and 
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hope) was that a reduced panel would at least not be significantly worse than the 
original panel in making accurate parentage calls. To instead see that a panel 
possibly performs better than the original was very encouraging.  Although these 
differences turned out to be non-significant as far as a reduced panel predicting 
parentage calls better than the original, the fact that they were not different at all 
was also useful information. 
 
Table 25. Summary of probabilities for the Farm Type*Calling Software 
interaction for data without a key 
 
Farm Call 
Prob. of Matching 
88-panel 
C v S B v D 
B C 0.4520 a  
B S 0.4260 b  
D C 0.6552 c  
D S 0.5221 d  
Farm = Farm Type, Call = Calling Software, C = CERVUS 3.0, S = SireMatch 
2.0, B = Beef Cattle, D = Dairy Cattle.  Letters in the ‘C v S’ column indicate 
significance within like-shaded groupings; for example, for beef cattle, CERVUS 
3.0 and SireMatch 2.0 are significantly different and thus have different letters; 
note that lettered comparisons were only made within farm type groups, not 
between them.  Symbols in the ‘B v D’ column indicate significant differences 
between farm types for the specified software program; none of these 
comparisons were significant, hence the blank boxes. 
 
 Based on the results seen in the statistical analysis by SAS®, the 71-SNP 
panel described and tested in this paper is the minimal panel of SNPs that can 
be used to assign maternity or paternity to cattle on dairies or ranches with 
results that are at least as good as those from the currently available 88-SNP 
panel from Fluidigm®. 
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 Comparing panels between SireMatch 2.0 and CERVUS 3.0 did show 
some significant differences between software programs.  Overall, when looking 
at animals that had a key, SireMatch 2.0 consistently had higher probabilities of 
matching the key than did CERVUS 3.0.  The opposite was true for the no key 
data; when calls made by a reduced panel were compared to the calls made by 
the original 88-SNP panel, CERVUS 3.0 outperformed SireMatch 2.0.  Therefore, 
it is suggested that either CERVUS 3.0 or SireMatch 2.0 would be suitable 
programs to use to make the parentage calls.  Since they both take about the 
same time to run and provide similar results, perhaps it would be beneficial to 
continue to use both simultaneously, just as an internal checking system. 
 We suggest that a confidence level of 95% be maintained as the cut-off for 
a “true” call as there was consistent evidence of this confidence level having 
higher probabilities of matching the key or the 88-panel in both sets of data 
analyzed.  This makes sense because the 95% cut-off is less strict than the 99% 
confidence level, and thus includes a higher number of correct calls that would 
otherwise have been scored as a zero for their confidence level only.  For the 
purposes of farmers and ranchers who would be utilizing this panel, 95% 
confidence is certainly “good enough.” 
Sex of parent showed up multiple times as a significant factor in 
interactions discussed above.  Likely this is due to the numbers of available male 
and female parents that were sampled.  For example, of the 218 beef bulls 
tested, only one, from one ranch, was a known sire to 17 offspring.  This created 
17 key-male-beef data points that were then compared to 919 key-female-beef 
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data points.  We believe that these skewed numbers led to the significant 
interactions associated with sex of parent, and had a more evenly spread sample 
of animals been obtainable, this factor would fall out of significance. 
One significant difference occurred between beef versus dairy animals in 
the interactions discussed previously.  In the key data, with the farm type*sex of 
parent interaction, it was discovered that for males only, the difference between 
beef and dairy probabilities was significant.  Again, this is likely due simply to the 
numbers of known male parentage samples that were available for this project.  
For beef cattle there was one bull sampled and for dairy cattle there were 11 
bulls sampled that were known sires of a small number of offspring (17 and 19, 
respectively).  With a larger sample size of known sires, it is expected that this 
significance would disappear.  Thus, this reduced panel containing 71-SNPs can 
be used for virtually any breed of cattle; there is no need to have a separate SNP 
panel for dairy versus beef breeds. 
 Using the new 71-SNP panel, which is 19.3% smaller than the original 88-
SNP panel, will save time for the researcher performing the genotyping assay.  
Fewer assays to pipet, load and process means less time spent by the 
technician, thus allowing for more samples to be processed in a day. 
 Currently eight of the 96 assay wells are left unused on each Fluidigm® 
plate.  Using the 71-SNP panel will free up an additional 17 unused assay wells, 
for a total of 25.  This is a much more realistic number for potentially combining 
two separate analyses for the same samples in a single chip run.  For example, 
ranchers who would like to know both parentage and carcas trait information (i.e. 
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marbling scores) for a group of cattle would have more real estate to work with 
on a single Fluidigm® chip.  More research needs to be done on these other 
possible SNP panels for carcass traits, etc., but it is a definite possibility for the 
future.
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Appendix A. Microsoft® Visual Basic® Macro Code  
for Preparation of Genotyping Files 
 
 
Sub copy() 
' 1_copy Macro 
    Workbooks.Add 
    Windows("1381610275 macro test.csv").Activate 
    Cells.Select 
    Selection.copy 
    Windows("Book1").Activate 
    ActiveSheet.Paste 
    Sheets("Sheet1").Select 
    Sheets("Sheet1").Name = "copy" 
End Sub 
 
Sub copy2() 
' 2_copy2 Macro 
    Cells.Select 
    Selection.copy 
    Sheets("Sheet2").Select 
    ActiveSheet.Paste 
    Sheets("copy").Select 
    Application.CutCopyMode = False 
    ActiveCell.FormulaR1C1 = "" 
    Sheets("Sheet2").Select 
    Sheets("Sheet2").Name = "remove" 
End Sub 
 
Sub remove() 
' 3_remove Macro 
    Rows("1:15").Select 
    Selection.Delete Shift:=xlUp 
    Range("A:A").Select 
    Selection.Delete Shift:=xlToLeft 
    Range("B:C").Select 
    Selection.Delete Shift:=xlToLeft 
    Range("C:F").Select 
    Selection.Delete Shift:=xlToLeft 
    Range("D:E").Select 
    Selection.Delete Shift:=xlToLeft 
End Sub 
 
Sub transpose() 
' 4_transpose Macro 
    Range("A2:C97").Select 
    Selection.copy 
    Sheets("Sheet3").Select 
    Sheets("Sheet3").Name = "transpose" 
    Range("B1").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B2").Select 
    Selection.copy 
    Range("A3").Select 
    ActiveSheet.Paste 
    Rows("2:2").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B98:C193").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B3").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B3").Select 
    Selection.copy 
    Range("A4").Select 
    ActiveSheet.Paste 
    Rows("3:3").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B194:C289").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B4").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B4").Select 
    Selection.copy 
    Range("A5").Select 
    ActiveSheet.Paste 
    Rows("4:4").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B290:C385").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B5").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B5").Select 
    Selection.copy 
    Range("A6").Select 
    ActiveSheet.Paste 
    Rows("5:5").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B386:C481").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B6").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B6").Select 
    Selection.copy 
    Range("A7").Select 
    ActiveSheet.Paste 
    Rows("6:6").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B482:C577").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B7").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B7").Select 
    Selection.copy 
    Range("A8").Select 
    ActiveSheet.Paste 
    Rows("7:7").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B578:C673").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B8").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B8").Select 
    Selection.copy 
    Range("A9").Select 
    ActiveSheet.Paste 
    Rows("8:8").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B674:C769").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B9").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B9").Select 
    Selection.copy 
    Range("A10").Select 
    ActiveSheet.Paste 
    Rows("9:9").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B770:C865").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B10").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B10").Select 
    Selection.copy 
    Range("A11").Select 
    ActiveSheet.Paste 
    Rows("10:10").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B866:C961").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B11").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B11").Select 
    Selection.copy 
    Range("A12").Select 
    ActiveSheet.Paste 
    Rows("11:11").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B962:C1057").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B12").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B12").Select 
    Selection.copy 
    Range("A13").Select 
    ActiveSheet.Paste 
    Rows("12:12").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1058:C1153").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B13").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B13").Select 
    Selection.copy 
    Range("A14").Select 
    ActiveSheet.Paste 
    Rows("13:13").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1154:C1249").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B14").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B14").Select 
    Selection.copy 
    Range("A15").Select 
    ActiveSheet.Paste 
    Rows("14:14").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1250:C1345").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B15").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B15").Select 
    Selection.copy 
    Range("A16").Select 
    ActiveSheet.Paste 
    Rows("15:15").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1346:C1441").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B16").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B16").Select 
    Selection.copy 
    Range("A17").Select 
    ActiveSheet.Paste 
94 
 
 
 
    Rows("16:16").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1442:C1537").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B17").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B17").Select 
    Selection.copy 
    Range("A18").Select 
    ActiveSheet.Paste 
    Rows("17:17").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1538:C1633").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B18").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B18").Select 
    Selection.copy 
    Range("A19").Select 
    ActiveSheet.Paste 
    Rows("18:18").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1634:C1729").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B19").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B19").Select 
    Selection.copy 
    Range("A20").Select 
    ActiveSheet.Paste 
    Rows("19:19").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1730:C1825").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B20").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B20").Select 
    Selection.copy 
    Range("A21").Select 
    ActiveSheet.Paste 
    Rows("20:20").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1826:C1921").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B21").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B21").Select 
    Selection.copy 
    Range("A22").Select 
    ActiveSheet.Paste 
    Rows("21:21").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B1922:C2017").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B22").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B22").Select 
    Selection.copy 
    Range("A23").Select 
    ActiveSheet.Paste 
    Rows("22:22").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2018:C2113").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B23").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B23").Select 
    Selection.copy 
    Range("A24").Select 
    ActiveSheet.Paste 
    Rows("23:23").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2114:C2209").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B24").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B24").Select 
    Selection.copy 
    Range("A25").Select 
    ActiveSheet.Paste 
    Rows("24:24").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2210:C2305").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B25").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B25").Select 
    Selection.copy 
    Range("A26").Select 
    ActiveSheet.Paste 
    Rows("25:25").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2306:C2401").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B26").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B26").Select 
    Selection.copy 
    Range("A27").Select 
    ActiveSheet.Paste 
    Rows("26:26").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2402:C2497").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B27").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B27").Select 
    Selection.copy 
    Range("A28").Select 
    ActiveSheet.Paste 
    Rows("27:27").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2498:C2593").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B28").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B28").Select 
    Selection.copy 
    Range("A29").Select 
    ActiveSheet.Paste 
    Rows("28:28").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2594:C2689").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B29").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B29").Select 
    Selection.copy 
    Range("A30").Select 
    ActiveSheet.Paste 
    Rows("29:29").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2690:C2785").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B30").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B30").Select 
    Selection.copy 
    Range("A31").Select 
    ActiveSheet.Paste 
    Rows("30:30").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2786:C2881").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B31").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B31").Select 
    Selection.copy 
    Range("A32").Select 
    ActiveSheet.Paste 
    Rows("31:31").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2882:C2977").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B32").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B32").Select 
    Selection.copy 
    Range("A33").Select 
    ActiveSheet.Paste 
    Rows("32:32").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B2978:C3073").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B33").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B33").Select 
    Selection.copy 
    Range("A34").Select 
    ActiveSheet.Paste 
    Rows("33:33").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B3074:C3169").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B34").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B34").Select 
    Selection.copy 
    Range("A35").Select 
    ActiveSheet.Paste 
    Rows("34:34").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B3170:C3265").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B35").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B35").Select 
    Selection.copy 
    Range("A36").Select 
    ActiveSheet.Paste 
    Rows("35:35").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B3266:C3361").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B36").Select 
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    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B36").Select 
    Selection.copy 
    Range("A37").Select 
    ActiveSheet.Paste 
    Rows("36:36").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B3362:C3457").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B37").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
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    Range("B37").Select 
    Selection.copy 
    Range("A38").Select 
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    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B49").Select 
    Selection.copy 
    Range("A50").Select 
    ActiveSheet.Paste 
    Rows("49:49").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B4610:C4705").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B50").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B50").Select 
    Selection.copy 
    Range("A51").Select 
    ActiveSheet.Paste 
    Rows("50:50").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B4706:C4801").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B51").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B51").Select 
    Selection.copy 
    Range("A52").Select 
    ActiveSheet.Paste 
    Rows("51:51").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B4802:C4897").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B52").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B52").Select 
    Selection.copy 
    Range("A53").Select 
    ActiveSheet.Paste 
    Rows("52:52").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B4898:C4993").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B53").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B53").Select 
    Selection.copy 
    Range("A54").Select 
    ActiveSheet.Paste 
    Rows("53:53").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B4994:C5089").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B54").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B54").Select 
    Selection.copy 
    Range("A55").Select 
    ActiveSheet.Paste 
    Rows("54:54").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5090:C5185").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B55").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B55").Select 
    Selection.copy 
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    Range("A56").Select 
    ActiveSheet.Paste 
    Rows("55:55").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5186:C5281").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B56").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B56").Select 
    Selection.copy 
    Range("A57").Select 
    ActiveSheet.Paste 
    Rows("56:56").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5282:C5377").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B57").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B57").Select 
    Selection.copy 
    Range("A58").Select 
    ActiveSheet.Paste 
    Rows("57:57").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5378:C5473").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B58").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B58").Select 
    Selection.copy 
    Range("A59").Select 
    ActiveSheet.Paste 
    Rows("58:58").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5474:C5569").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B59").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B59").Select 
    Selection.copy 
    Range("A60").Select 
    ActiveSheet.Paste 
    Rows("59:59").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5570:C5665").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B60").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B60").Select 
    Selection.copy 
    Range("A61").Select 
    ActiveSheet.Paste 
    Rows("60:60").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5666:C5761").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B61").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B61").Select 
    Selection.copy 
    Range("A62").Select 
    ActiveSheet.Paste 
    Rows("61:61").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5762:C5857").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B62").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B62").Select 
    Selection.copy 
    Range("A63").Select 
    ActiveSheet.Paste 
    Rows("62:62").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5858:C5953").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B63").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B63").Select 
    Selection.copy 
    Range("A64").Select 
    ActiveSheet.Paste 
    Rows("63:63").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B5954:C6049").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B64").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B64").Select 
    Selection.copy 
    Range("A65").Select 
    ActiveSheet.Paste 
    Rows("64:64").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6050:C6145").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B65").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B65").Select 
    Selection.copy 
    Range("A66").Select 
    ActiveSheet.Paste 
    Rows("65:65").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6146:C6241").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B66").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B66").Select 
    Selection.copy 
    Range("A67").Select 
    ActiveSheet.Paste 
    Rows("66:66").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6242:C6337").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B67").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B67").Select 
    Selection.copy 
    Range("A68").Select 
    ActiveSheet.Paste 
    Rows("67:67").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6338:C6433").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B68").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B68").Select 
    Selection.copy 
    Range("A69").Select 
    ActiveSheet.Paste 
    Rows("68:68").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6434:C6529").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B69").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B69").Select 
    Selection.copy 
    Range("A70").Select 
    ActiveSheet.Paste 
    Rows("69:69").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6530:C6625").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B70").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B70").Select 
    Selection.copy 
    Range("A71").Select 
    ActiveSheet.Paste 
    Rows("70:70").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6626:C6721").Select 
    Selection.copy 
    Range("C6726").Select 
    Sheets("transpose").Select 
    Range("B71").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B71").Select 
    Selection.copy 
    Range("A72").Select 
    ActiveSheet.Paste 
    Rows("71:71").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6722:C6817").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B72").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B72").Select 
    Selection.copy 
    Range("A73").Select 
    ActiveSheet.Paste 
    Rows("72:72").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6818:C6913").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B73").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B73").Select 
    Selection.copy 
    Range("A74").Select 
    ActiveSheet.Paste 
    Rows("73:73").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B6914:C7009").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B74").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B74").Select 
    Selection.copy 
    Range("A75").Select 
    ActiveSheet.Paste 
    Rows("74:74").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7010:C7105").Select 
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    Selection.copy 
    Sheets("transpose").Select 
    Range("B75").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B75").Select 
    Selection.copy 
    Range("A76").Select 
    ActiveSheet.Paste 
    Rows("75:75").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7106:C7201").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B76").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B76").Select 
    Selection.copy 
    Range("A77").Select 
    ActiveSheet.Paste 
    Rows("76:76").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7202:C7297").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B77").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B77").Select 
    Selection.copy 
    Range("A78").Select 
    ActiveSheet.Paste 
    Rows("77:77").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7298:C7393").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B78").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B78").Select 
    Selection.copy 
    Range("A79").Select 
    ActiveSheet.Paste 
    Rows("78:78").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7394:C7489").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B79").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B79").Select 
    Selection.copy 
    Range("A80").Select 
    ActiveSheet.Paste 
    Rows("79:79").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7490:C7585").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B80").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B80").Select 
    Selection.copy 
    Range("A81").Select 
    ActiveSheet.Paste 
    Rows("80:80").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7586:C7681").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B81").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B81").Select 
    Selection.copy 
    Range("A82").Select 
    ActiveSheet.Paste 
    Rows("81:81").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7682:C7777").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B82").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B82").Select 
    Selection.copy 
    Range("A83").Select 
    ActiveSheet.Paste 
    Rows("82:82").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7778:C7873").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B83").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B83").Select 
    Selection.copy 
    Range("A84").Select 
    ActiveSheet.Paste 
    Rows("83:83").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7874:C7969").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B84").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B84").Select 
    Selection.copy 
    Range("A85").Select 
    ActiveSheet.Paste 
    Rows("84:84").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B7970:C8065").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B85").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B85").Select 
    Selection.copy 
    Range("A86").Select 
    ActiveSheet.Paste 
    Rows("85:85").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8066:C8161").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B86").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B86").Select 
    Selection.copy 
    Range("A87").Select 
    ActiveSheet.Paste 
    Rows("86:86").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8162:C8257").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B87").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B87").Select 
    Selection.copy 
    Range("A88").Select 
    ActiveSheet.Paste 
    Rows("87:87").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8258:C8353").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B88").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B88").Select 
    Selection.copy 
    Range("A89").Select 
    ActiveSheet.Paste 
    Rows("88:88").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8354:C8449").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B89").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B89").Select 
    Selection.copy 
    Range("A90").Select 
    ActiveSheet.Paste 
    Rows("89:89").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8450:C8545").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B90").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B90").Select 
    Selection.copy 
    Range("A91").Select 
    ActiveSheet.Paste 
    Rows("90:90").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8546:C8641").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B91").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B91").Select 
    Selection.copy 
    Range("A92").Select 
    ActiveSheet.Paste 
    Rows("91:91").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8642:C8737").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B92").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B92").Select 
    Selection.copy 
    Range("A93").Select 
    ActiveSheet.Paste 
    Rows("92:92").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8738:C8833").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B93").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B93").Select 
    Selection.copy 
    Range("A94").Select 
    ActiveSheet.Paste 
    Rows("93:93").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8834:C8929").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B94").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B94").Select 
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    Selection.copy 
    Range("A95").Select 
    ActiveSheet.Paste 
    Rows("94:94").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B8930:C9025").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B95").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B95").Select 
    Selection.copy 
    Range("A96").Select 
    ActiveSheet.Paste 
    Rows("95:95").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B9026:C9121").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B96").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B96").Select 
    Selection.copy 
    Range("A97").Select 
    ActiveSheet.Paste 
    Rows("96:96").Select 
    Selection.Delete Shift:=xlUp 
    Sheets("remove").Select 
    Range("B9122:C9217").Select 
    Selection.copy 
    Sheets("transpose").Select 
    Range("B97").Select 
    Selection.PasteSpecial Paste:=xlPasteAll, 
Operation:=xlNone, SkipBlanks:= _ 
        False, transpose:=True 
    Range("B97").Select 
    Selection.copy 
    Range("A98").Select 
    ActiveSheet.Paste 
    Rows("97:97").Select 
    Selection.Delete Shift:=xlUp 
End Sub 
 
Sub nocall() 
' 5_nocall Macro 
    Range("A1:CS97").Select 
    Selection.copy 
    Sheets.Add After:=Sheets(Sheets.Count) 
    Sheets("Sheet4").Select 
    Sheets("Sheet4").Name = "no call" 
    Range("A1").Select 
    ActiveSheet.Paste 
    Selection.Replace What:="No Call", 
Replacement:="?:?", LookAt:=xlPart, _ 
        SearchOrder:=xlByRows, MatchCase:=False, 
SearchFormat:=False, _ 
        ReplaceFormat:=False 
End Sub 
 
Sub columns() 
' 6_columns Macro 
    Range("A1:CS97").Select 
    Selection.copy 
    Sheets.Add After:=Sheets(Sheets.Count) 
    ActiveSheet.Paste 
    Sheets("Sheet5").Select 
    Sheets("Sheet5").Name = "columns" 
    Rows("1:1").Select 
    Selection.Insert Shift:=xlDown, 
CopyOrigin:=xlFormatFromLeftOrAbove 
    Range("B1").Select 
    ActiveCell.FormulaR1C1 = "1" 
    Selection.AutoFill Destination:=Range("B1:CS1"), 
Type:=xlFillDefault 
    Range("B1:CS1").Select 
    Selection.DataSeries Rowcol:=xlRows, 
Type:=xlLinear, Date:=xlDay, Step _ 
        :=1, Trend:=False 
    Selection.copy 
    Range("CT1").Select 
    ActiveSheet.Paste 
    Range("B1:GK98").Select 
    
ActiveWorkbook.Worksheets("columns").Sort.SortFi
elds.Clear 
    
ActiveWorkbook.Worksheets("columns").Sort.SortFi
elds.Add Key:=Range("B1:GK1") _ 
        , SortOn:=xlSortOnValues, 
Order:=xlAscending, DataOption:=xlSortNormal 
    With 
ActiveWorkbook.Worksheets("columns").Sort 
        .SetRange Range("B1:GK98") 
        .Header = xlYes 
        .MatchCase = False 
        .Orientation = xlLeftToRight 
        .SortMethod = xlPinYin 
        .Apply 
    End With 
    Rows("1:1").Select 
    Selection.Delete Shift:=xlUp 
End Sub 
 
Sub split() 
' 7_split Macro 
    Cells.Select 
    Selection.copy 
    Sheets.Add After:=Sheets(Sheets.Count) 
    ActiveSheet.Paste 
    Sheets("Sheet6").Select 
    Sheets("Sheet6").Name = "split" 
    Range("B:B").Select 
    Selection.TextToColumns 
Destination:=Range("B1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("D:D").Select 
    Selection.TextToColumns 
Destination:=Range("D1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=T 
    Range("F:F").Select 
    Selection.TextToColumns 
Destination:=Range("F1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("H:H").Select 
    Selection.TextToColumns 
Destination:=Range("H1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("J:J").Select 
    Selection.TextToColumns 
Destination:=Range("J1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("L:L").Select 
    Selection.TextToColumns 
Destination:=Range("L1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("N:N").Select 
    Selection.TextToColumns 
Destination:=Range("N1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("P:P").Select 
    Selection.TextToColumns 
Destination:=Range("P1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("R:R").Select 
    Selection.TextToColumns 
Destination:=Range("R1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("T:T").Select 
    Selection.TextToColumns 
Destination:=Range("T1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("V:V").Select 
    Selection.TextToColumns 
Destination:=Range("V1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("X:X").Select 
    Selection.TextToColumns 
Destination:=Range("X1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("Z:Z").Select 
    Selection.TextToColumns 
Destination:=Range("Z1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AB:AB").Select 
    Selection.TextToColumns 
Destination:=Range("AB1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AD:AD").Select 
    Selection.TextToColumns 
Destination:=Range("AD1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AF:AF").Select 
    Selection.TextToColumns 
Destination:=Range("AF1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AH:AH").Select 
    Selection.TextToColumns 
Destination:=Range("AH1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
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        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AJ:AJ").Select 
    Selection.TextToColumns 
Destination:=Range("AJ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AL:AL").Select 
    Selection.TextToColumns 
Destination:=Range("AL1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AN:AN").Select 
    Selection.TextToColumns 
Destination:=Range("AN1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AP:AP").Select 
    Selection.TextToColumns 
Destination:=Range("AP1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AR:AR").Select 
    Selection.TextToColumns 
Destination:=Range("AR1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AT:AT").Select 
    Selection.TextToColumns 
Destination:=Range("AT1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AV:AV").Select 
    Selection.TextToColumns 
Destination:=Range("AV1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AX:AX").Select 
    Selection.TextToColumns 
Destination:=Range("AX1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("AZ:AZ").Select 
    Selection.TextToColumns 
Destination:=Range("AZ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BB:BB").Select 
    Selection.TextToColumns 
Destination:=Range("BB1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BD:BD").Select 
    Selection.TextToColumns 
Destination:=Range("BD1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BF:BF").Select 
    Selection.TextToColumns 
Destination:=Range("BF1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BH:BH").Select 
    Selection.TextToColumns 
Destination:=Range("BH1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BJ:BJ").Select 
    Selection.TextToColumns 
Destination:=Range("BJ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BL:BL").Select 
    Selection.TextToColumns 
Destination:=Range("BL1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BN:BN").Select 
    Selection.TextToColumns 
Destination:=Range("BN1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BP:BP").Select 
    Selection.TextToColumns 
Destination:=Range("BP1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BR:BR").Select 
    Selection.TextToColumns 
Destination:=Range("BR1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BT:BT").Select 
    Selection.TextToColumns 
Destination:=Range("BT1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BV:BV").Select 
    Selection.TextToColumns 
Destination:=Range("BV1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BX:BX").Select 
    Selection.TextToColumns 
Destination:=Range("BX1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("BZ:BZ").Select 
    Selection.TextToColumns 
Destination:=Range("BZ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CB:CB").Select 
    Selection.TextToColumns 
Destination:=Range("CB1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CD:CD").Select 
    Selection.TextToColumns 
Destination:=Range("CD1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CF:CF").Select 
    Selection.TextToColumns 
Destination:=Range("CF1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CH:CH").Select 
    Selection.TextToColumns 
Destination:=Range("CH1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CJ:CJ").Select 
    Selection.TextToColumns 
Destination:=Range("CJ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
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        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CL:CL").Select 
    Selection.TextToColumns 
Destination:=Range("CL1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CN:CN").Select 
    Selection.TextToColumns 
Destination:=Range("CN1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CP:CP").Select 
    Selection.TextToColumns 
Destination:=Range("CP1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CR:CR").Select 
    Selection.TextToColumns 
Destination:=Range("CR1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CT:CT").Select 
    Selection.TextToColumns 
Destination:=Range("CT1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CV:CV").Select 
    Selection.TextToColumns 
Destination:=Range("CV1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CX:CX").Select 
    Selection.TextToColumns 
Destination:=Range("CX1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("CZ:CZ").Select 
    Selection.TextToColumns 
Destination:=Range("CZ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DB:DB").Select 
    Selection.TextToColumns 
Destination:=Range("DB1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DD:DD").Select 
    Selection.TextToColumns 
Destination:=Range("DD1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DF:DF").Select 
    Selection.TextToColumns 
Destination:=Range("DF1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DH:DH").Select 
    Selection.TextToColumns 
Destination:=Range("DH1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DJ:DJ").Select 
    Selection.TextToColumns 
Destination:=Range("DJ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DL:DL").Select 
    Selection.TextToColumns 
Destination:=Range("DL1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DN:DN").Select 
    Selection.TextToColumns 
Destination:=Range("DN1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DP:DP").Select 
    Selection.TextToColumns 
Destination:=Range("DP1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DR:DR").Select 
    Selection.TextToColumns 
Destination:=Range("DR1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DT:DT").Select 
    Selection.TextToColumns 
Destination:=Range("DT1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DV:DV").Select 
    Selection.TextToColumns 
Destination:=Range("DV1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DX:DX").Select 
    Selection.TextToColumns 
Destination:=Range("DX1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("DZ:DZ").Select 
    Selection.TextToColumns 
Destination:=Range("DZ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EB:EB").Select 
    Selection.TextToColumns 
Destination:=Range("EB1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("ED:ED").Select 
    Selection.TextToColumns 
Destination:=Range("ED1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EF:EF").Select 
    Selection.TextToColumns 
Destination:=Range("EF1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EH:EH").Select 
    Selection.TextToColumns 
Destination:=Range("EH1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EJ:EJ").Select 
    Selection.TextToColumns 
Destination:=Range("EJ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EL:EL").Select 
    Selection.TextToColumns 
Destination:=Range("EL1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
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        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EN:EN").Select 
    Selection.TextToColumns 
Destination:=Range("EN1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EP:EP").Select 
    Selection.TextToColumns 
Destination:=Range("EP1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("ER:ER").Select 
    Selection.TextToColumns 
Destination:=Range("ER1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("ET:ET").Select 
    Selection.TextToColumns 
Destination:=Range("ET1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EV:EV").Select 
    Selection.TextToColumns 
Destination:=Range("EV1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EX:EX").Select 
    Selection.TextToColumns 
Destination:=Range("EX1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("EZ:EZ").Select 
    Selection.TextToColumns 
Destination:=Range("EZ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FB:FB").Select 
    Selection.TextToColumns 
Destination:=Range("FB1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FD:FD").Select 
    Selection.TextToColumns 
Destination:=Range("FD1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FF:FF").Select 
    Selection.TextToColumns 
Destination:=Range("FF1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FH:FH").Select 
    Selection.TextToColumns 
Destination:=Range("FH1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FJ:FJ").Select 
    Selection.TextToColumns 
Destination:=Range("FJ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FL:FL").Select 
    Selection.TextToColumns 
Destination:=Range("FL1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FN:FN").Select 
    Selection.TextToColumns 
Destination:=Range("FN1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FP:FP").Select 
    Selection.TextToColumns 
Destination:=Range("FP1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FR:FR").Select 
    Selection.TextToColumns 
Destination:=Range("FR1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FT:FT").Select 
    Selection.TextToColumns 
Destination:=Range("FT1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FV:FV").Select 
    Selection.TextToColumns 
Destination:=Range("FV1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FX:FX").Select 
    Selection.TextToColumns 
Destination:=Range("FX1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("FZ:FZ").Select 
    Selection.TextToColumns 
Destination:=Range("FZ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("GB:GB").Select 
    Selection.TextToColumns 
Destination:=Range("GB1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("GD:GD").Select 
    Selection.TextToColumns 
Destination:=Range("GD1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("GF:GF").Select 
    Selection.TextToColumns 
Destination:=Range("GF1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("GH:GH").Select 
    Selection.TextToColumns 
Destination:=Range("GH1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
    Range("GJ:GJ").Select 
    Selection.TextToColumns 
Destination:=Range("GJ1"), DataType:=xlDelimited, 
_ 
        TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, Tab:=False, _ 
        Semicolon:=False, Comma:=False, 
Space:=False, Other:=True, OtherChar _ 
        :=":", FieldInfo:=Array(Array(1, 1), Array(2, 1)), 
TrailingMinusNumbers:=True 
End Sub 
 
Sub loci() 
' 8_loci Macro 
    Cells.Select 
    Selection.copy 
    Sheets.Add After:=Sheets(Sheets.Count) 
    ActiveSheet.Paste 
    Sheets("Sheet7").Select 
    Sheets("Sheet7").Name = "loci" 
    Range("B1").Select 
    Selection.copy 
    Range("C1").Select 
    ActiveSheet.Paste 
    Range("D1").Select 
    Selection.copy 
    Range("E1").Select 
    ActiveSheet.Paste 
    Range("F1").Select 
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    Selection.copy 
    Range("G1").Select 
    ActiveSheet.Paste 
    Range("H1").Select 
    Selection.copy 
    Range("I1").Select 
    ActiveSheet.Paste 
    Range("J1").Select 
    Selection.copy 
    Range("K1").Select 
    ActiveSheet.Paste 
    Range("L1").Select 
    Selection.copy 
    Range("M1").Select 
    ActiveSheet.Paste 
    Range("N1").Select 
    Selection.copy 
    Range("O1").Select 
    ActiveSheet.Paste 
    Range("P1").Select 
    Selection.copy 
    Range("Q1").Select 
    ActiveSheet.Paste 
    Range("R1").Select 
    Selection.copy 
    Range("S1").Select 
    ActiveSheet.Paste 
    Range("T1").Select 
    Selection.copy 
    Range("U1").Select 
    ActiveSheet.Paste 
    Range("V1").Select 
    Selection.copy 
    Range("W1").Select 
    ActiveSheet.Paste 
    Range("X1").Select 
    Selection.copy 
    Range("Y1").Select 
    ActiveSheet.Paste 
    Range("Z1").Select 
    Selection.copy 
    Range("AA1").Select 
    ActiveSheet.Paste 
    Range("AB1").Select 
    Selection.copy 
    Range("AC1").Select 
    ActiveSheet.Paste 
    Range("AD1").Select 
    Selection.copy 
    Range("AE1").Select 
    ActiveSheet.Paste 
    Range("AF1").Select 
    Selection.copy 
    Range("AG1").Select 
    ActiveSheet.Paste 
    Range("AH1").Select 
    Selection.copy 
    Range("AI1").Select 
    ActiveSheet.Paste 
    Range("AJ1").Select 
    Selection.copy 
    Range("AK1").Select 
    ActiveSheet.Paste 
    Range("AL1").Select 
    Selection.copy 
    Range("AM1").Select 
    ActiveSheet.Paste 
    Range("AN1").Select 
    Selection.copy 
    Range("AO1").Select 
    ActiveSheet.Paste 
    Range("AP1").Select 
    Selection.copy 
    Range("AQ1").Select 
    ActiveSheet.Paste 
    Range("AR1").Select 
    Selection.copy 
    Range("AS1").Select 
    ActiveSheet.Paste 
    Range("AT1").Select 
    Selection.copy 
    Range("AU1").Select 
    ActiveSheet.Paste 
    Range("AV1").Select 
    Selection.copy 
    Range("AW1").Select 
    ActiveSheet.Paste 
    Range("AX1").Select 
    Selection.copy 
    Range("AY1").Select 
    ActiveSheet.Paste 
    Range("AZ1").Select 
    Selection.copy 
    Range("BA1").Select 
    ActiveSheet.Paste 
    Range("BB1").Select 
    Selection.copy 
    Range("BC1").Select 
    ActiveSheet.Paste 
    Range("BD1").Select 
    Selection.copy 
    Range("BE1").Select 
    ActiveSheet.Paste 
    Range("BF1").Select 
    Selection.copy 
    Range("BG1").Select 
    ActiveSheet.Paste 
    Range("BH1").Select 
    Selection.copy 
    Range("BI1").Select 
    ActiveSheet.Paste 
    Range("BJ1").Select 
    Selection.copy 
    Range("BK1").Select 
    ActiveSheet.Paste 
    Range("BL1").Select 
    Selection.copy 
    Range("BM1").Select 
    ActiveSheet.Paste 
    Range("BN1").Select 
    Selection.copy 
    Range("BO1").Select 
    ActiveSheet.Paste 
    Range("BP1").Select 
    Selection.copy 
    Range("BQ1").Select 
    ActiveSheet.Paste 
    Range("BR1").Select 
    Selection.copy 
    Range("BS1").Select 
    ActiveSheet.Paste 
    Range("BT1").Select 
    Selection.copy 
    Range("BU1").Select 
    ActiveSheet.Paste 
    Range("BV1").Select 
    Selection.copy 
    Range("BW1").Select 
    ActiveSheet.Paste 
    Range("BX1").Select 
    Selection.copy 
    Range("BY1").Select 
    ActiveSheet.Paste 
    Range("BZ1").Select 
    Selection.copy 
    Range("CA1").Select 
    ActiveSheet.Paste 
    Range("CB1").Select 
    Selection.copy 
    Range("CC1").Select 
    ActiveSheet.Paste 
    Range("CD1").Select 
    Selection.copy 
    Range("CE1").Select 
    ActiveSheet.Paste 
    Range("CF1").Select 
    Selection.copy 
    Range("CG1").Select 
    ActiveSheet.Paste 
    Range("CH1").Select 
    Selection.copy 
    Range("CI1").Select 
    ActiveSheet.Paste 
    Range("CJ1").Select 
    Selection.copy 
    Range("CK1").Select 
    ActiveSheet.Paste 
    Range("CL1").Select 
    Selection.copy 
    Range("CM1").Select 
    ActiveSheet.Paste 
    Range("CN1").Select 
    Selection.copy 
    Range("CO1").Select 
    ActiveSheet.Paste 
    Range("CP1").Select 
    Selection.copy 
    Range("CQ1").Select 
    ActiveSheet.Paste 
    Range("CR1").Select 
    Selection.copy 
    Range("CS1").Select 
    ActiveSheet.Paste 
    Range("CT1").Select 
    Selection.copy 
    Range("CU1").Select 
    ActiveSheet.Paste 
    Range("CV1").Select 
    Selection.copy 
    Range("CW1").Select 
    ActiveSheet.Paste 
    Range("CX1").Select 
    Selection.copy 
    Range("CY1").Select 
    ActiveSheet.Paste 
    Range("CZ1").Select 
    Selection.copy 
    Range("DA1").Select 
    ActiveSheet.Paste 
    Range("DB1").Select 
    Selection.copy 
    Range("DC1").Select 
    ActiveSheet.Paste 
    Range("DD1").Select 
    Selection.copy 
    Range("DE1").Select 
    ActiveSheet.Paste 
    Range("DF1").Select 
    Selection.copy 
    Range("DG1").Select 
    ActiveSheet.Paste 
    Range("DH1").Select 
    Selection.copy 
    Range("DI1").Select 
    ActiveSheet.Paste 
    Range("DJ1").Select 
    Selection.copy 
    Range("DK1").Select 
    ActiveSheet.Paste 
    Range("DL1").Select 
    Selection.copy 
    Range("DM1").Select 
    ActiveSheet.Paste 
    Range("DN1").Select 
    Selection.copy 
    Range("DO1").Select 
    ActiveSheet.Paste 
    Range("DP1").Select 
    Selection.copy 
    Range("DQ1").Select 
    ActiveSheet.Paste 
    Range("DR1").Select 
    Selection.copy 
    Range("DS1").Select 
    ActiveSheet.Paste 
    Range("DT1").Select 
    Selection.copy 
    Range("DU1").Select 
    ActiveSheet.Paste 
    Range("DV1").Select 
    Selection.copy 
    Range("DW1").Select 
    ActiveSheet.Paste 
    Range("DX1").Select 
    Selection.copy 
    Range("DY1").Select 
    ActiveSheet.Paste 
    Range("DZ1").Select 
    Selection.copy 
    Range("EA1").Select 
    ActiveSheet.Paste 
    Range("EB1").Select 
    Selection.copy 
    Range("EC1").Select 
    ActiveSheet.Paste 
    Range("ED1").Select 
    Selection.copy 
    Range("EE1").Select 
    ActiveSheet.Paste 
    Range("EF1").Select 
    Selection.copy 
    Range("EG1").Select 
    ActiveSheet.Paste 
    Range("EH1").Select 
    Selection.copy 
    Range("EI1").Select 
    ActiveSheet.Paste 
    Range("EJ1").Select 
    Selection.copy 
    Range("EK1").Select 
    ActiveSheet.Paste 
    Range("EL1").Select 
    Selection.copy 
103 
 
 
 
    Range("EM1").Select 
    ActiveSheet.Paste 
    Range("EN1").Select 
    Selection.copy 
    Range("EO1").Select 
    ActiveSheet.Paste 
    Range("EP1").Select 
    Selection.copy 
    Range("EQ1").Select 
    ActiveSheet.Paste 
    Range("ER1").Select 
    Selection.copy 
    Range("ES1").Select 
    ActiveSheet.Paste 
    Range("ET1").Select 
    Selection.copy 
    Range("EU1").Select 
    ActiveSheet.Paste 
    Range("EV1").Select 
    Selection.copy 
    Range("EW1").Select 
    ActiveSheet.Paste 
    Range("EX1").Select 
    Selection.copy 
    Range("EY1").Select 
    ActiveSheet.Paste 
    Range("EZ1").Select 
    Selection.copy 
    Range("FA1").Select 
    ActiveSheet.Paste 
    Range("FB1").Select 
    Selection.copy 
    Range("FC1").Select 
    ActiveSheet.Paste 
    Range("FD1").Select 
    Selection.copy 
    Range("FE1").Select 
    ActiveSheet.Paste 
    Range("FF1").Select 
    Selection.copy 
    Range("FG1").Select 
    ActiveSheet.Paste 
    Range("FH1").Select 
    Selection.copy 
    Range("FI1").Select 
    ActiveSheet.Paste 
    Range("FJ1").Select 
    Selection.copy 
    Range("FK1").Select 
    ActiveSheet.Paste 
    Range("FL1").Select 
    Selection.copy 
    Range("FM1").Select 
    ActiveSheet.Paste 
    Range("FN1").Select 
    Selection.copy 
    Range("FO1").Select 
    ActiveSheet.Paste 
    Range("FP1").Select 
    Selection.copy 
    Range("FQ1").Select 
    ActiveSheet.Paste 
    Range("FR1").Select 
    Selection.copy 
    Range("FS1").Select 
    ActiveSheet.Paste 
    Range("FT1").Select 
    Selection.copy 
    Range("FU1").Select 
    ActiveSheet.Paste 
    Range("FV1").Select 
    Selection.copy 
    Range("FW1").Select 
    ActiveSheet.Paste 
    Range("FX1").Select 
    Selection.copy 
    Range("FY1").Select 
    ActiveSheet.Paste 
    Range("FZ1").Select 
    Selection.copy 
    Range("GA1").Select 
    ActiveSheet.Paste 
    ActiveSheet.Paste 
    Range("GB1").Select 
    Selection.copy 
    Range("GC1").Select 
    ActiveSheet.Paste 
    Range("GD1").Select 
    Selection.copy 
    Range("GE1").Select 
    ActiveSheet.Paste 
    Range("GF1").Select 
    Selection.copy 
    Range("GG1").Select 
    ActiveSheet.Paste 
    Range("GH1").Select 
    Selection.copy 
    Range("GI1").Select 
    ActiveSheet.Paste 
    Range("GJ1").Select 
    Selection.copy 
    Range("GK1").Select 
    ActiveSheet.Paste 
End Sub 
 
Sub alleles() 
' 9_alleles Macro 
    Cells.Select 
    Selection.copy 
    Sheets.Add After:=Sheets(Sheets.Count) 
    ActiveSheet.Paste 
    Sheets("Sheet8").Select 
    Sheets("Sheet8").Name = "alleles" 
    Range("B1").Select 
    ActiveCell.FormulaR1C1 = "EF034080x" 
    Range("C1").Select 
    ActiveCell.FormulaR1C1 = "EF034080y" 
    Range("D1").Select 
    ActiveCell.FormulaR1C1 = "DQ470475x" 
    Range("E1").Select 
    ActiveCell.FormulaR1C1 = "DQ470475y" 
    Range("F1").Select 
    ActiveCell.FormulaR1C1 = "DQ995977x" 
    Range("G1").Select 
    ActiveCell.FormulaR1C1 = "DQ995977y" 
    Range("H1").Select 
    ActiveCell.FormulaR1C1 = "AY844963x" 
    Range("I1").Select 
    ActiveCell.FormulaR1C1 = "AY844963y" 
    Range("J1").Select 
    ActiveCell.FormulaR1C1 = "DQ995976x" 
    Range("K1").Select 
    ActiveCell.FormulaR1C1 = "DQ995976y" 
    Range("L1").Select 
    ActiveCell.FormulaR1C1 = "EF093511x" 
    Range("M1").Select 
    ActiveCell.FormulaR1C1 = "EF093511y" 
    Range("N1").Select 
    ActiveCell.FormulaR1C1 = "AY860426x" 
    Range("O1").Select 
    ActiveCell.FormulaR1C1 = "AY860426y" 
    Range("P1").Select 
    ActiveCell.FormulaR1C1 = "EF026087x" 
    Range("Q1").Select 
    ActiveCell.FormulaR1C1 = "EF026087y" 
    Range("R1").Select 
    ActiveCell.FormulaR1C1 = "AY851162x" 
    Range("S1").Select 
    ActiveCell.FormulaR1C1 = "AY851162y" 
    Range("T1").Select 
    ActiveCell.FormulaR1C1 = "AY863214x" 
    Range("U1").Select 
    ActiveCell.FormulaR1C1 = "AY863214y" 
    Range("V1").Select 
    ActiveCell.FormulaR1C1 = "DQ837643x" 
    Range("W1").Select 
    ActiveCell.FormulaR1C1 = "DQ837643y" 
    Range("X1").Select 
    ActiveCell.FormulaR1C1 = "AY853302x" 
    Range("Y1").Select 
    ActiveCell.FormulaR1C1 = "AY853302y" 
    Range("Z1").Select 
    ActiveCell.FormulaR1C1 = "DQ984825x" 
    Range("AA1").Select 
    ActiveCell.FormulaR1C1 = "DQ984825y" 
    Range("AB1").Select 
    ActiveCell.FormulaR1C1 = "DQ647186x" 
    Range("AC1").Select 
    ActiveCell.FormulaR1C1 = "DQ647186y" 
    Range("AD1").Select 
    ActiveCell.FormulaR1C1 = "EF042091x" 
    Range("AE1").Select 
    ActiveCell.FormulaR1C1 = "EF042091y" 
    Range("AF1").Select 
    ActiveCell.FormulaR1C1 = "DQ404149x" 
    Range("AG1").Select 
    ActiveCell.FormulaR1C1 = "DQ404149y" 
    Range("AH1").Select 
    ActiveCell.FormulaR1C1 = "EF034086x" 
    Range("AI1").Select 
    ActiveCell.FormulaR1C1 = "EF034086y" 
    Range("AJ1").Select 
    ActiveCell.FormulaR1C1 = "DQ990833x" 
    Range("AK1").Select 
    ActiveCell.FormulaR1C1 = "DQ990833y" 
    Range("AL1").Select 
    ActiveCell.FormulaR1C1 = "DQ846691x" 
    Range("AM1").Select 
    ActiveCell.FormulaR1C1 = "DQ846691y" 
    Range("AN1").Select 
    ActiveCell.FormulaR1C1 = "AY842474x" 
    Range("AO1").Select 
    ActiveCell.FormulaR1C1 = "AY842474y" 
    Range("AP1").Select 
    ActiveCell.FormulaR1C1 = "DQ451555x" 
    Range("AQ1").Select 
    ActiveCell.FormulaR1C1 = "DQ451555y" 
    Range("AR1").Select 
    ActiveCell.FormulaR1C1 = "DQ916059x" 
    Range("AS1").Select 
    ActiveCell.FormulaR1C1 = "DQ916059y" 
    Range("AT1").Select 
    ActiveCell.FormulaR1C1 = "AY856094x" 
    Range("AU1").Select 
    ActiveCell.FormulaR1C1 = "AY856094y" 
    Range("AV1").Select 
    ActiveCell.FormulaR1C1 = "AY939849x" 
    Range("AW1").Select 
    ActiveCell.FormulaR1C1 = "AY939849y" 
    Range("AX1").Select 
    ActiveCell.FormulaR1C1 = "DQ404153x" 
    Range("AY1").Select 
    ActiveCell.FormulaR1C1 = "DQ404153y" 
    Range("AZ1").Select 
    ActiveCell.FormulaR1C1 = "DQ846693x" 
    Range("BA1").Select 
    ActiveCell.FormulaR1C1 = "DQ846693y" 
    Range("BB1").Select 
    ActiveCell.FormulaR1C1 = "EF093510x" 
    Range("BC1").Select 
    ActiveCell.FormulaR1C1 = "EF093510y" 
    Range("BD1").Select 
    ActiveCell.FormulaR1C1 = "AY842473x" 
    Range("BE1").Select 
    ActiveCell.FormulaR1C1 = "AY842473y" 
    Range("BF1").Select 
    ActiveCell.FormulaR1C1 = "DQ888311x" 
    Range("BG1").Select 
    ActiveCell.FormulaR1C1 = "DQ888311y" 
    Range("BH1").Select 
    ActiveCell.FormulaR1C1 = "EF034085x" 
    Range("BI1").Select 
    ActiveCell.FormulaR1C1 = "EF034085y" 
    Range("BJ1").Select 
    ActiveCell.FormulaR1C1 = "AY850194x" 
    Range("BK1").Select 
    ActiveCell.FormulaR1C1 = "AY850194y" 
    Range("BL1").Select 
    ActiveCell.FormulaR1C1 = "AY943841x" 
    Range("BM1").Select 
    ActiveCell.FormulaR1C1 = "AY943841y" 
    Range("BN1").Select 
    ActiveCell.FormulaR1C1 = "DQ647188x" 
    Range("BO1").Select 
    ActiveCell.FormulaR1C1 = "DQ647188y" 
    Range("BP1").Select 
    ActiveCell.FormulaR1C1 = "EF034083x" 
    Range("BQ1").Select 
    ActiveCell.FormulaR1C1 = "EF034083y" 
    Range("BR1").Select 
    ActiveCell.FormulaR1C1 = "EF042090x" 
    Range("BS1").Select 
    ActiveCell.FormulaR1C1 = "EF042090y" 
    Range("BT1").Select 
    ActiveCell.FormulaR1C1 = "DQ846695x" 
    Range("BU1").Select 
    ActiveCell.FormulaR1C1 = "DQ846695y" 
    Range("BV1").Select 
    ActiveCell.FormulaR1C1 = "AY942198x" 
    Range("BW1").Select 
    ActiveCell.FormulaR1C1 = "AY942198y" 
    Range("BX1").Select 
    ActiveCell.FormulaR1C1 = "DQ837646x" 
    Range("BY1").Select 
    ActiveCell.FormulaR1C1 = "DQ837646y" 
    Range("BZ1").Select 
    ActiveCell.FormulaR1C1 = "AY851163x" 
    Range("CA1").Select 
    ActiveCell.FormulaR1C1 = "AY851163y" 
    Range("CB1").Select 
    ActiveCell.FormulaR1C1 = "DQ674265x" 
    Range("CC1").Select 
    ActiveCell.FormulaR1C1 = "DQ674265y" 
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    Range("CD1").Select 
    ActiveCell.FormulaR1C1 = "DQ789028x" 
    Range("CE1").Select 
    ActiveCell.FormulaR1C1 = "DQ789028y" 
    Range("CF1").Select 
    ActiveCell.FormulaR1C1 = "AY916666x" 
    Range("CG1").Select 
    ActiveCell.FormulaR1C1 = "AY916666y" 
    Range("CH1").Select 
    ActiveCell.FormulaR1C1 = "DQ404150x" 
    Range("CI1").Select 
    ActiveCell.FormulaR1C1 = "DQ404150y" 
    Range("CJ1").Select 
    ActiveCell.FormulaR1C1 = "DQ786757x" 
    Range("CK1").Select 
    ActiveCell.FormulaR1C1 = "DQ786757y" 
    Range("CL1").Select 
    ActiveCell.FormulaR1C1 = "AY841151x" 
    Range("CM1").Select 
    ActiveCell.FormulaR1C1 = "AY841151y" 
    Range("CN1").Select 
    ActiveCell.FormulaR1C1 = "DQ468384x" 
    Range("CO1").Select 
    ActiveCell.FormulaR1C1 = "DQ468384y" 
    Range("CP1").Select 
    ActiveCell.FormulaR1C1 = "DQ786761x" 
    Range("CQ1").Select 
    ActiveCell.FormulaR1C1 = "DQ786761y" 
    Range("CR1").Select 
    ActiveCell.FormulaR1C1 = "EF150946x" 
    Range("CS1").Select 
    ActiveCell.FormulaR1C1 = "EF150946y" 
    Range("CT1").Select 
    ActiveCell.FormulaR1C1 = "AY941204x" 
    Range("CU1").Select 
    ActiveCell.FormulaR1C1 = "AY941204y" 
    Range("CV1").Select 
    ActiveCell.FormulaR1C1 = "DQ500958x" 
    Range("CW1").Select 
    ActiveCell.FormulaR1C1 = "DQ500958y" 
    Range("CX1").Select 
    ActiveCell.FormulaR1C1 = "AY776154x" 
    Range("CY1").Select 
    ActiveCell.FormulaR1C1 = "AY776154y" 
    Range("CZ1").Select 
    ActiveCell.FormulaR1C1 = "DQ846690x" 
    Range("DA1").Select 
    ActiveCell.FormulaR1C1 = "DQ846690y" 
    Range("DB1").Select 
    ActiveCell.FormulaR1C1 = "EF093512x" 
    Range("DC1").Select 
    ActiveCell.FormulaR1C1 = "EF093512y" 
    Range("DD1").Select 
    ActiveCell.FormulaR1C1 = "EF089234x" 
    Range("DE1").Select 
    ActiveCell.FormulaR1C1 = "EF089234y" 
    Range("DF1").Select 
    ActiveCell.FormulaR1C1 = "DQ404151x" 
    Range("DG1").Select 
    ActiveCell.FormulaR1C1 = "DQ404151y" 
    Range("DH1").Select 
    ActiveCell.FormulaR1C1 = "DQ404152x" 
    Range("DI1").Select 
    ActiveCell.FormulaR1C1 = "DQ404152y" 
    Range("DJ1").Select 
    ActiveCell.FormulaR1C1 = "AY842472x" 
    Range("DK1").Select 
    ActiveCell.FormulaR1C1 = "AY842472y" 
    Range("DL1").Select 
    ActiveCell.FormulaR1C1 = "EF028073x" 
    Range("DM1").Select 
    ActiveCell.FormulaR1C1 = "EF028073y" 
    Range("DN1").Select 
    ActiveCell.FormulaR1C1 = "DQ832700x" 
    Range("DO1").Select 
    ActiveCell.FormulaR1C1 = "DQ832700y" 
    Range("DP1").Select 
    ActiveCell.FormulaR1C1 = "DQ650635x" 
    Range("DQ1").Select 
    ActiveCell.FormulaR1C1 = "DQ650635y" 
    Range("DR1").Select 
    ActiveCell.FormulaR1C1 = "AY919868x" 
    Range("DS1").Select 
    ActiveCell.FormulaR1C1 = "AY919868y" 
    Range("DT1").Select 
    ActiveCell.FormulaR1C1 = "DQ866817x" 
    Range("DU1").Select 
    ActiveCell.FormulaR1C1 = "DQ866817y" 
    Range("DV1").Select 
    ActiveCell.FormulaR1C1 = "DQ381153x" 
    Range("DW1").Select 
    ActiveCell.FormulaR1C1 = "DQ381153y" 
    Range("DX1").Select 
    ActiveCell.FormulaR1C1 = "AY914316x" 
    Range("DY1").Select 
    ActiveCell.FormulaR1C1 = "AY914316y" 
    Range("DZ1").Select 
    ActiveCell.FormulaR1C1 = "DQ866818x" 
    Range("EA1").Select 
    ActiveCell.FormulaR1C1 = "DQ866818y" 
    Range("EB1").Select 
    ActiveCell.FormulaR1C1 = "DQ647190x" 
    Range("EC1").Select 
    ActiveCell.FormulaR1C1 = "DQ647190y" 
    Range("ED1").Select 
    ActiveCell.FormulaR1C1 = "DQ435443x" 
    Range("EE1").Select 
    ActiveCell.FormulaR1C1 = "DQ435443y" 
    Range("EF1").Select 
    ActiveCell.FormulaR1C1 = "DQ984828x" 
    Range("EG1").Select 
    ActiveCell.FormulaR1C1 = "DQ984828y" 
    Range("EH1").Select 
    ActiveCell.FormulaR1C1 = "EF164803x" 
    Range("EI1").Select 
    ActiveCell.FormulaR1C1 = "EF164803y" 
    Range("EJ1").Select 
    ActiveCell.FormulaR1C1 = "DQ381152x" 
    Range("EK1").Select 
    ActiveCell.FormulaR1C1 = "DQ381152y" 
    Range("EL1").Select 
    ActiveCell.FormulaR1C1 = "DQ888310x" 
    Range("EM1").Select 
    ActiveCell.FormulaR1C1 = "DQ888310y" 
    Range("EN1").Select 
    ActiveCell.FormulaR1C1 = "DQ786763x" 
    Range("EO1").Select 
    ActiveCell.FormulaR1C1 = "DQ786763y" 
    Range("EP1").Select 
    ActiveCell.FormulaR1C1 = "DQ846692x" 
    Range("EQ1").Select 
    ActiveCell.FormulaR1C1 = "DQ846692y" 
    Range("ER1").Select 
    ActiveCell.FormulaR1C1 = "DQ422949x" 
    Range("ES1").Select 
    ActiveCell.FormulaR1C1 = "DQ422949y" 
    Range("ET1").Select 
    ActiveCell.FormulaR1C1 = "DQ888313x" 
    Range("EU1").Select 
    ActiveCell.FormulaR1C1 = "DQ888313y" 
    Range("EV1").Select 
    ActiveCell.FormulaR1C1 = "DQ786758x" 
    Range("EW1").Select 
    ActiveCell.FormulaR1C1 = "DQ786758y" 
    Range("EX1").Select 
    ActiveCell.FormulaR1C1 = "DQ489377x" 
    Range("EY1").Select 
    ActiveCell.FormulaR1C1 = "DQ489377y" 
    Range("EZ1").Select 
    ActiveCell.FormulaR1C1 = "DQ990835x" 
    Range("FA1").Select 
    ActiveCell.FormulaR1C1 = "DQ990835y" 
    Range("FB1").Select 
    ActiveCell.FormulaR1C1 = "DQ846689x" 
    Range("FC1").Select 
    ActiveCell.FormulaR1C1 = "DQ846689y" 
    Range("FD1").Select 
    ActiveCell.FormulaR1C1 = "DQ786759x" 
    Range("FE1").Select 
    ActiveCell.FormulaR1C1 = "DQ786759y" 
    Range("FF1").Select 
    ActiveCell.FormulaR1C1 = "EF093509x" 
    Range("FG1").Select 
    ActiveCell.FormulaR1C1 = "EF093509y" 
    Range("FH1").Select 
    ActiveCell.FormulaR1C1 = "AY849381x" 
    Range("FI1").Select 
    ActiveCell.FormulaR1C1 = "AY849381y" 
    Range("FJ1").Select 
    ActiveCell.FormulaR1C1 = "AY929334x" 
    Range("FK1").Select 
    ActiveCell.FormulaR1C1 = "AY929334y" 
    Range("FL1").Select 
    ActiveCell.FormulaR1C1 = "DQ916058x" 
    Range("FM1").Select 
    ActiveCell.FormulaR1C1 = "DQ916058y" 
    Range("FN1").Select 
    ActiveCell.FormulaR1C1 = "x" 
    Range("FO1").Select 
    ActiveCell.FormulaR1C1 = "y" 
    Range("FP1").Select 
    ActiveCell.FormulaR1C1 = "x" 
    Range("FQ1").Select 
    ActiveCell.FormulaR1C1 = "y" 
    Range("FR1").Select 
    ActiveCell.FormulaR1C1 = "AY761135x" 
    Range("FS1").Select 
    ActiveCell.FormulaR1C1 = "AY761135y" 
    Range("FT1").Select 
    ActiveCell.FormulaR1C1 = "DQ888309x" 
    Range("FU1").Select 
    ActiveCell.FormulaR1C1 = "DQ888309y" 
    Range("FV1").Select 
    ActiveCell.FormulaR1C1 = "AY857620x" 
    Range("FW1").Select 
    ActiveCell.FormulaR1C1 = "AY857620y" 
    Range("FX1").Select 
    ActiveCell.FormulaR1C1 = "DQ984827x" 
    Range("FY1").Select 
    ActiveCell.FormulaR1C1 = "DQ984827y" 
    Range("FZ1").Select 
    ActiveCell.FormulaR1C1 = "x" 
    Range("GA1").Select 
    ActiveCell.FormulaR1C1 = "y" 
    Range("GB1").Select 
    ActiveCell.FormulaR1C1 = "x" 
    Range("GC1").Select 
    ActiveCell.FormulaR1C1 = "y" 
    Range("GD1").Select 
    ActiveCell.FormulaR1C1 = "x" 
    Range("GE1").Select 
    ActiveCell.FormulaR1C1 = "y" 
    Range("GF1").Select 
    ActiveCell.FormulaR1C1 = "x" 
    Range("GG1").Select 
    ActiveCell.FormulaR1C1 = "y" 
    Range("GH1").Select 
    ActiveCell.FormulaR1C1 = "x" 
    Range("GI1").Select 
    ActiveCell.FormulaR1C1 = "y" 
    Range("GJ1").Select 
    ActiveCell.FormulaR1C1 = "x" 
    Range("GK1").Select 
    ActiveCell.FormulaR1C1 = "y" 
End Sub 
 
Sub noassay() 
' 10_noassay Macro 
    Range("A1:GK97").Select 
    Selection.copy 
    Sheets.Add After:=Sheets(Sheets.Count) 
    ActiveSheet.Paste 
    Sheets("Sheet9").Select 
    Sheets("Sheet9").Name = "no assay" 
    Range("FN:FQ,FZ:GK").Select 
    Selection.Delete Shift:=xlToLeft 
End Sub 
 
Sub ntc() 
' 11_ntc Macro 
    Range("A1:FU97").Select 
    Selection.copy 
    Sheets.Add After:=Sheets(Sheets.Count) 
    ActiveSheet.Paste 
    Sheets("Sheet10").Select 
    Sheets("Sheet10").Name = "ntc" 
    Sheets("ntc").Select 
    Cells.Replace What:="NTC", Replacement:="", 
LookAt:=xlPart, SearchOrder _ 
        :=xlByRows, MatchCase:=False, 
SearchFormat:=False, ReplaceFormat:=False 
End Sub 
 
Sub csv() 
' 12_csv Macro 
    Cells.Select 
    Selection.copy 
    Workbooks.Add 
    ActiveSheet.Paste 
    ActiveWorkbook.SaveAs Filename:= _ 
        "I:\genotyping project\genotyping file.csv" _ 
        , FileFormat:=xlCSV, CreateBackup:=False 
End Sub 
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Appendix B. Allele Frequency Summary File 
 
A partial sample of an Allele Frequency Summary File showing the highlighting 
scheme used as described previously in ‘Removal of SNPs from Original Panel’ 
section of Materials and Methods.  Expected heterozygosities less than 0.3 were 
highlighted light blue.  Significant deviations from Hardy-Weinberg equilibrium 
were highlighted red.  Estimated null allele frequencies higher than 0.05 were 
highlighted yellow.  Minor Allele Frequencies less than 0.3 were highlighted dark 
green, and those between 0.3 and 0.4 were highlighted light green. 
Locus k    N HObs HExp PIC NE-1P NE-2P NE-PP NE-I NE-SI HW F(Null) MAF MAF (null)
EF0340802 398 0.465 0.49 0.369 0.88 0.815 0.722 0.381 0.601 NS 0.0254 0.4259 0.4151 1. Locus: Name of locus read from the genotype file, or a locus number if no locus names were read.
DQ4704752 395 0.362 0.434 0.34 0.906 0.83 0.74 0.415 0.637 NS 0.0899 0.3177 0.2892 2. k: Number of alleles at the locus.
DQ9959772 392 0.339 0.379 0.307 0.928 0.846 0.76 0.458 0.675 NS 0.055 0.2538 0.2399 3. N: Number of individuals typed at the locus.
AY8449632 408 0.451 0.497 0.373 0.877 0.813 0.72 0.377 0.596 NS 0.0476 0.4559 0.4342 4. HObs: Observed heterozygosity.
DQ9959762 346 0.364 0.399 0.319 0.921 0.84 0.753 0.441 0.661 NS 0.0448 0.2746 0.2623 5. HExp: Expected heterozygosity.
EF0935112 394 0.437 0.499 0.374 0.876 0.813 0.719 0.376 0.595 NS 0.0662 0.4721 0.4408 6. PIC: Polymorphic information content.
AY8604262 381 0.331 0.4 0.32 0.92 0.84 0.752 0.441 0.661 NS 0.0939 0.2756 0.2497 7. NE-1P: Average non-exclusion probability for one candidate parent.
EF0260872 407 0.514 0.494 0.371 0.878 0.814 0.721 0.379 0.598 NS -0.0203 0.441 0.45 8. NE-2P: Average non-exclusion probability for one candidate parent given the genotype of a known parent of the opposite sex.
AY851162 378 0.471 0.485 0.367 0.883 0.816 0.724 0.383 0.603 NS 0.0145 0.4127 0.4067 9. NE-PP: Average non-exclusion probability for a candidate parent pair.
AY8632142 395 0.205 0.212 0.189 0.978 0.905 0.837 0.644 0.805 NS 0.0157 0.1203 0.1184 10. NE-I: Average non-exclusion probability for identity of two unrelated individuals.
DQ8376432 375 0.443 0.474 0.361 0.888 0.819 0.727 0.39 0.611 NS 0.0332 0.384 0.3712 11. NE-SI: Average non-exclusion probability for identity of two siblings.
AY853302 383 0.436 0.472 0.36 0.889 0.82 0.728 0.391 0.612 NS 0.0387 0.3799 0.3652 12. HW: Significance of deviation from Hardy-Weinberg equilibrium. Key: NS = not significant, * = significant at the 5% level, ** = significant at the 1% level, *** = significant at the 0.1% level, ND = not done. These significance levels include a Bonferroni correction if the Bonferroni correction option was selected.
DQ9848252 409 0.396 0.469 0.359 0.89 0.821 0.729 0.392 0.614 NS 0.0835 0.3741 0.3428 13. F(Null): Estimated null allele frequency.
DQ6471862 415 0.328 0.405 0.323 0.918 0.839 0.75 0.436 0.657 * 0.1053 0.2819 0.2522 14. MAF: Minor Allele Frequency: Number of occurrences of the allele divided by the total number of alleles
EF0420912 386 0.487 0.496 0.373 0.877 0.814 0.72 0.377 0.596 NS 0.0088 0.4534 0.4494 15. MAF (Null): the frequency of the allele taking account of any null allele present. These frequencies are only shown if you asked Cervus to estinate the frequencies of null alleles. They are meaningless if the estimated null allele frequency is negative. 
DQ4041492 396 0.386 0.435 0.34 0.905 0.83 0.74 0.414 0.636 NS 0.059 0.3194 0.3006
EF0340862 391 0.389 0.418 0.33 0.913 0.835 0.746 0.427 0.648 NS 0.0354 0.2967 0.2862 Number of individuals:435
DQ9908332 373 0.397 0.435 0.34 0.906 0.83 0.74 0.414 0.636 NS 0.0454 0.319 0.3046 Number of loci:88
DQ8466912 359 0.32 0.388 0.313 0.925 0.844 0.756 0.45 0.669 NS 0.0954 0.2632 0.2381 Mean number of alleles per locus:2
AY8424742 394 0.452 0.454 0.351 0.897 0.825 0.734 0.401 0.624 NS 0.002 0.3477 0.347 Mean proportion of individuals typed:0.8907
DQ4515552 389 0.424 0.49 0.37 0.88 0.815 0.722 0.38 0.6 NS 0.0716 0.428 0.3974 Mean expected heterozygosity:0.4442
DQ9160592 369 0.304 0.337 0.28 0.943 0.86 0.776 0.497 0.706 NS 0.0515 0.2141 0.2031 Mean polymorphic information content (PIC):0.3429
AY8560942 377 0.472 0.495 0.372 0.878 0.814 0.72 0.378 0.597 NS 0.0233 0.4483 0.4378 Combined non-exclusion probability (first parent):0.00008484
AY9398492 391 0.386 0.351 0.289 0.939 0.856 0.771 0.484 0.696 NS -0.0488 0.2263 0.2374 Combined non-exclusion probability (second parent):0.00000006
DQ4041532 365 0.674 0.49 0.37 0.88 0.815 0.722 0.38 0.6 *** -0.1586 0.4274 0.4952 Combined non-exclusion probability (parent pair):2.44E-12
DQ8466932 360 0.389 0.447 0.347 0.9 0.827 0.736 0.406 0.628 NS 0.0687 0.3361 0.313 Combined non-exclusion probability (identity):1.17E-34
EF0935102 393 0.247 0.257 0.224 0.967 0.888 0.813 0.585 0.768 NS 0.0201 0.1514 0.1484 Combined non-exclusion probability (sib identity):2.27E-18
AY8424732 391 0.417 0.444 0.345 0.902 0.828 0.737 0.408 0.631 NS 0.0304 0.3312 0.3211
DQ8883112 374 0.294 0.27 0.233 0.964 0.883 0.807 0.57 0.758 NS -0.0439 0.1604 0.1675
EF0340852 381 0.496 0.5 0.375 0.875 0.813 0.719 0.375 0.594 NS 0.0036 0.4869 0.4851
AY8501942 325 0.391 0.501 0.375 0.875 0.813 0.719 0.375 0.594 ** 0.1225 0.4908 0.4307
AY9438412 386 0.311 0.332 0.277 0.945 0.862 0.778 0.502 0.71 NS 0.0323 0.2098 0.2031
DQ6471882 394 0.5 0.499 0.374 0.876 0.813 0.719 0.376 0.595 NS -0.002 0.4683 0.4692
EF0340832 388 0.317 0.326 0.273 0.947 0.864 0.781 0.508 0.714 NS 0.0137 0.2049 0.2021
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Appendix C. SNP Cutting List 
 
 
Sample SNP cutting list as described previously in ‘Removal of SNPs from 
Original Panel’ section of Materials and Methods.  For each highlighted item 
described in Appendix B, an “x” was placed in the appropriate column.  An 
additional column was added for plot issues as described previously.  After all the 
farms’ strikes had been marked, a total score was calculated.  SNPs were 
removed incrementally based on the number of strikes they received, starting 
with >10, 8-9, 6-7, 5, 4, 3, 2, down to 1, until 8 new reduced panels were created 
for testing. 
 
 
 
Locus HExp HW F(Null) MAF plot HExp HW F(Null) MAF plot strikes
1 EF034080 x x 4
2 DQ470475 x x 2
3 DQ995977 x x x x 7
4 AY844963 x x x x 7
5 DQ995976 x x x 5
6 EF093511 x 1
7 AY860426 x x x x 13
8 EF026087 0
9 AY851162 x 4
10 AY863214 x x x x 11
11 DQ837643 x 5
12 AY853302 2
13 DQ984825 x 1
14 DQ647186 x x x x x 14
15 EF042091 3
16 DQ404149 x x x 5
17 EF034086 x x x 5
18 DQ990833 x x 2
19 DQ846691 x x x x x 16
20 AY842474 x 2
21 DQ451555 x 3
22 DQ916059 x x x x x x 9
23 AY856094 0
24 AY939849 x 3
25 DQ404153 x x x 14
26 DQ846693 x x x x x 6
27 EF093510 x x x x x x 10
28 AY842473 x 2
farm1 farm2
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Appendix D. SAS® Code 
 
 
Key data 
 
ods graphics on; 
proc glimmix data=byherd.keysumbyherd noclprint 
plots=(studentpanel) 
method=RSPL; 
nloptions maxiter=400 technique=QUANEW; 
class farm herd panel sex call confidence ; 
model score_Sum/score_N = farm|panel|call|confidence|sex @2 
                                    / link=logit ; 
random int /sub=herd(farm) s; 
random panel /sub=herd ;  
 
lsmeans sex*call /slicediff = sex slicediff = call ilink adjust = simulate; 
 lsmeans panel*sex /slicediff = sex slicediff = panel ilink adjust = simulate; 
 lsmeans farm*sex /slicediff = farm slicediff = sex ilink adjust = simulate; 
 lsmeans sex /ilink adjust = simulate; 
 lsmeans call*confidence /slicediff = call slicediff = confidence ilink adjust =  
simulate; 
 lsmeans panel*confidence /slicediff = confidence slicediff = panel ilink  
adjust = simulate; 
lsmeans farm*confidence /slicediff = farm slicediff = confidence ilink adjust  
= simulate; 
lsmeans confidence /ilink adjust = simulate; 
 lsmeans panel*call /slicediff = call slicediff = panel ilink adjust = simulate; 
 lsmeans farm*call /slicediff = farm slicediff = call ilink adjust = simulate; 
 lsmeans call /ilink adjust = simulate; 
 lsmeans panel /ilink adjust = simulate; 
run; 
ods graphics off; 
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No Key data 
 
ods graphics on; 
proc glimmix data=byherd.nokeysumbyherd noclprint 
plots=(studentpanel)                                                                
method=RSPL; 
nloptions maxiter=400 technique= QUANEW ; 
class farm herd panel sex call confidence ; 
model score_Sum/score_N = farm|panel|call|confidence|sex @2  
                                    / link=logit ddfm = kr; 
random int /sub = herd(farm) s; 
random panel /sub = herd(farm) group = sex; 
 
lsmeans sex*confidence /slicediff = sex slicediff = confidence ilink adjust =  
simulate; 
lsmeans sex*call /slicediff = sex slicediff = call ilink adjust = simulate; 
lsmeans panel*sex /slicediff = sex slicediff = panel ilink adjust = simulate; 
lsmeans farm*sex /slicediff = sex slicediff = farm ilink adjust = simulate;       
lsmeans call*confidence /slicediff = call slicediff = confidence ilink adjust =  
simulate 
lsmeans panel*confidence /slicediff = confidence slicediff = panel ilink  
adjust = simulate; 
lsmeans farm*confidence /slicediff = farm slicediff = confidence ilink adjust  
= simulate; 
lsmeans confidence /ilink adjust = simulate; 
 lsmeans panel*call /slicediff = call slicediff = panel ilink adjust = simulate; 
 lsmeans farm*call /slicediff = farm slicediff = call ilink adjust = simulate; 
 lsmeans call /ilink adjust = simulate; 
 lsmeans panel /ilink adjust = simulate; 
run; 
ods graphics off; 
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Appendix E. Additional SAS® Results 
 
Key Data Supplemental Tables 
 
Table E1. Comparison of probabilities of matching the key for the factor Panel for 
data with a key 
 
Panel  
Prob. of 
Matching Key  
88 v 
lower  
88  0.9638 a  
78  0.9675 a  
71  0.9586 a  
63  0.9165 a  
54  0.8536 a 
47  0.7512 b  
35  0.4389 b 
18 0.06031 b 
7  0.01900 b 
Letters in the ‘88 v lower’ column indicate significance; for example, all a’s are 
not significantly different from the 88-SNP panel, but the b’s do differ significantly 
from the 88-SNP panel. 
 
 
Table E2. Comparison of probabilities of matching the key for the factor Sex of 
Parent for data with a key 
 
Sex 
Prob. of 
Matching Key 
M v F 
M 0.8069 * 
F 0.5938 * 
Sex = Sex of Parent, M = Male, F = Female.  Asterisks in ‘M v F’ column indicate 
the difference between the probabilities for each sex of parent is significant. 
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Table E3. Comparison of probabilities of matching the key for the factor 
Confidence Level for data with a key 
 
Confidence 
Prob. of 
Matching Key 
99 v 95 
99 0.6863 * 
95 0.7363 * 
Confidence = Confidence Level, 99 = 99%, 95 = 95%.  Asterisks in ’99 v 95’ 
column indicate the difference between the probabilities for each confidence level 
is significant. 
 
 
Table E4. Comparison of probabilities of matching the key for the factor Calling 
Software for data with a key 
 
Call 
Prob. of 
Matching Key 
C v S 
C 0.6949 * 
S 0.7285 * 
Call = Calling Software, C = CERVUS 3.0, S = SireMatch 2.0.  Asterisks in ’C v 
S’ column indicate the difference between the probabilities for each software 
program is significant. 
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No Key Data Supplemental Tables 
 
Table E5. Comparison of probabilities of matching the 88-panel calls for the 
factor Panel for data without a key 
 
Panel  
Prob. of Matching 
88-panel  
78 v 
lower  
78  0.9484 a  
71  0.9261 a  
63  0.8849 a  
54  0.7990 b 
47  0.6712 b  
35  0.3732 b 
18 0.04146 b 
7  0.004348 b 
Letters in the ‘78 v lower’ column indicate significance; for example, all a’s are 
not significantly different from the 78-SNP panel, but the b’s do differ significantly 
from the 78-SNP panel. 
 
 
Table E6. Comparison of probabilities of matching the 88-panel calls for the 
factor Confidence Level for data without a key 
 
Confidence 
Prob. of Matching 
88-panel 
99 v 95 
99 0.4790 * 
95 0.5508 * 
Confidence = Confidence Level, 99 = 99%, 95 = 95%.  Asterisks in ’99 v 95’ 
column indicate the difference between the probabilities for each confidence level 
is significant. 
 
 
 
 
 
 
 
 
 
 
 
112 
 
 
 
Table E7. Comparison of probabilities of matching the 88-panel calls for the 
factor Calling Software for data without a key 
 
Call 
Prob. of Matching 
88-panel 
C v S 
C 0.5559 * 
S 0.4738 * 
Call = Calling Software, C = CERVUS 3.0, S = SireMatch 2.0.  Asterisks in ’C v 
S’ column indicate the difference between the probabilities for each software 
program is significant. 
 
